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PRESIDENT’S 
MESSAGE 


HIGHLIGHTS OF THE YEAR 


By Howard P. Emerson 


esident of the American Institute ot Industrial Engineers 


Building on spade work of the past, this has been a year 
of solid, continuous growth. 
New Members (Based on records for first LO months of 
the vear) 

March 19, 1987 

bellows 13 
Senior members 1771 
Senior life members 


hate ove mbers 


Total Voting Members 
Student members 


Athliates 


New Caapters 
May 19, 1956 
Mareh 19, 1957 


These IS new chapters show a virility and professional 


chapters 


71 chapters 


interest in ALTE affairs whieh augurs well for the future 
of our organization. The new chapters are scattered 


throughout the country 


Chapter Visits 


sixteen chapters, including five of the new chapters, 
were visited by the President. Additional visits were made 
by other national officers and the Business Administrator 
Two of the Vice-Presidents visited every one of the chap 
ters in their regions. Two regions had special meetings of 
all chapter presidents. Others had business meetings at 


annual Regional Conterences 


May June, 1957 


Regional Meetings 


Some of the regional conferences were of the caliber of 
past national meetings in terms of speakers and programs, 
Regional meetings were held, as follows: 


Northeast Regional Presidents «January, 1957 
Meeting 
Syracuse, New York 


Southeast Regional Conference 


February, 1057 
Knoxville, Tennessee 
Central tegional Presidents January, 1057 
Meeting 
Columbus, Ohio 


Midwest Mareh, 1057 


Regional Conference 
St. Louis, Mo 
Seattle, Wash April, 1957 


San Diego, April, 1957 


Pacific Northwest 


Pacific Southwest 


Engineers Joint Couneil 


ATT participated this year as an associate member, 
being represented at Directors’ meetings and the Annual 
Conference in New York in January, 1957. Through the 
Couneil, ATTE also acted as co-sponsor of the 1957 Nuclear 
Congress in Philadelphia in’ Mareh. 

The Executive Committee approved continued 
participation with other engineering groups in the 195s 
Nuclear Congress on the basis of [ndustrial Magineerng 
interest nuclear economies, imdustrial uses of radio 
active isotopes, utilization of valuable wastes, and safety 


procedures 
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Board of Trustees 


At its October, 1956, meeting the Board approved the 
budget for 1956 57 (October | to October 1); a revised 
organization for ALTE incorporating the new position of 
Vice-President; publication of a book; and an he 
committee for Government Operations to investigate the 
problem of definition and status of Industrial Engineering 
in the Civil Service and the Armed Forces. In January, 
1957, the Board appomted Floyd ‘Tither as Vice-President 
for the rest of the year to May 18. Other aetions of the 


Board appear under respective reports below 


hxecutive Committee 


An innovation was tried of having some of the monthly 
meetings of the Executive Committee outside of Columbus 
One was held in New York in January to review plans for 
the 1957 Conference and Convention and a second in 
Knoxville, Tennessee, in February in connection with the 


Annual Southeast Regional Conference 


Secretary 


The January February J1957, issue of the Journal eon 


tamed an article on the work of the Executive Secretary 


and Business Administrator. As the vear ended, decision 
Was reached on the chore of the first full time paid Execu 
live Secretary. Sco much as been accomplished over the 
vears by voluntary effort that it is reasonable to expect 
that this step will lift toa higher plateau of aetivity 


and accomplishment 


‘Treasurer 


An bexpense Planning procedure was set up during the 
year, With provision for review of the budget twice a year 
hy the Board of Trustees 

Provision for a cash reserve recommended by the 


Treasurer Was approved by the Board of Trustees 


PRESIDENTIAL COMMIEPTEES 

Professional Relations Consistent, continumge activity 
over the vears showed fruition in the relationships now 
enjoyed with the Engineers Jomt Council. A meeting 
at the National Conference with ORSA 
(Operations Research Society of America) and TEMS 
(The Tnstitute of \Mianagement Seienece) indicates a gradual 
expansion of ALPE relationships 

Organization Approval by the membership of a eon 
stitutional amendment adding a First Viee-President led 
to the reorganization deseribed in the Mareh-April, 157 
issue of the Journal A new organization chart and miata 
were prepared with job descriptions for every job or he 
chart 

Publications-coordimation ALTE ts the publish 
business. After thorough review, approval was recor 
bended for publication in book form of the researeh report 
on “RPunetions and Bases of Time Standards’ by Harold 
Davidson. A foreword states that ATLE feels a responsi 
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bility to make available research studies to keep students 
and plant men informed, even though results may be pre- 
liminary or of specialized interest 

Long Range Planning The annual symposium to guide 
long range thinking about the profession was held this 
year at Purdue University. The new definition of Industrial 
Engineering developed in a previous symposium was care- 
fully reviewed, re-approved, and its growing acceptance 
noted, Statements were developed explaining Industrial 
Engineering and its new definition to top-management, the 
worker, student, and man-on-the-street. 

Special Surveys A survey was made of members of 
AILE. Members of AILTE are relatively young; the largest 
group isin production doing methods and time study work ; 
the next largest group is in top administration. Every 
industry classification in the census uses industrial engi 
neers. Results of the survey will be published from time 
to time in the Journal, 

Journal of Industrial Engineering During 1956, 55 
articles were published to keep members up-to-date ina 
growing profession. Each issue now runs LO pages larger 
than last vear. The press run for each issue is now in excess 
ol SOOO copies. 


DIRECTORS 


Programs XX new manual was issued containing prae 
tical suggestions for running chapter progratns, with 
ratings of speakers 

Chapler Expansion Kighteen new chapters had been 
added to Mareh 19, 1957. The manual for organizing new 
chapters was expanded and re-issued. 

Research Committees were set) up) covering major 
fields of Industrial Engineering interest. Their job is to 
keep abreast of developments in these fields and stimulate 
research tn them. Harold Davidson's book was published 
asa research monograph. A proposal for time study films 
Wits reviewed 

Functional Committees MQC, the Membership Qualifi 
cations Committee, continued to be the hardest working 
committee in the organization. 1158 applications were re 
viewed in the first lO months. As an extra assignment the 
committee made a report reviewing and making recom 
mendations on the status of affiliates. The Executive Com 
mittee and Board of Trustees reaffirmed previous decision 
that affiliates, as in other engineering societies, though not 
voting members must pay their full share of dues. Associ 
ate members are subsidized for the first five years, because 
ioost of them are recent graduates with lower incomes, but 
his provision does not cover affiliates. A new committee 
ob Opportunities Service Was set up to act as a clearing 
house for jobs in the field of Industrial Engineering. 

The committee on Resolutions and Awards assembled 
data on candidates for new Fellows of ALTE. New pins and 
plaques were chosen 

Vembership With an increase in dues taking place in 


1956 loss of membership was expected. The loss was less 
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than the 10 per cent attrition experi- 
enced annually by similar professional 
societies. Quotas for membership expan- 
sion were established. 

National Meetings A new manual to 
help organize national and regional con- 
ferences and conventions was approved 
and issued during the year. 

Public — Relations 


were made. Local chapters were con- 


fecommendations 


tacted. A film of Industrial Engineering 
as a Career is in the development stage. 

Student Chapters The policy to recog- 
nize student chapters as such only in in- 
stitutions having accredited curricula or 
options in Industrial Engineering was re- 
examined by the Executive Committee 
and re-affirmed. On this basis one new 
chapter was added, at Lowa State College. 

International Relations commit- 
tee has undertaken the formulation of an 
AIIE policy on International chapters 
and activities 

Terminology committee to formu 
late and keep up to date definitions of 
Industrial Engineering terms re- 
appointed, 


Available from 
AIIE HEADQUARTERS 


PROCEEDINGS OF THE 
EIGHTH ANNUAL CONFERENCE 
May 16 and 17, New York, New York 


Menibers $4.00 


Non-members $5.00 


FUNCTIONS AND BASES 
OF TIME STANDARDS 


By H. Davipsosn 
Revised Edition 


per copy 


order from 


American Institute of 
Industrial Engineers, Inc. 


145 North High Street Columbus 18. Ohio 


May June, 1957 


I B M has exceptional opportunities 


for plant and industrial engineers at ANY ONE 


of these 5 plant and laboratory locations: 


LEXINGTON, KY. 
ROCHESTER, MINN. 
ENDICOTT, N.Y. 
OWEGO, N.Y. 
YORKTOWN, N.Y. 


IBM’s unprecedented growth has 
necessitated the construction of 
these five new installations. Mod- 
ern and functional in every way, 
all plants are equipped with su- 
perb working facilities. Each geo- 
graphical location contains 
distinct advantages all itsown... 
and IBM will do its utmost to 
place you wherever you desire. 
In addition to top-notch salaries 
and advancement based on merit, 
IBM employees enjoy unusually 
generous life insurance, hospi- 


talization, and retirement plans. 


As an M. E. in Plant Engineer- 
ing, you design and modify facil- 
ities to meet the demands of new 
products and manufacturing 
techniques. Assignments include 
the fields of air conditioning, re- 


frigeration, heating, ventilating, 


industrial exhaust, process water 
and other mechanical services. 

As an E. E. in Plant Engineer- 
ing, you're responsible for the 
planning and distribution of in- 
coming high-voltage power sys- 
tems with substations and 
switching stations. When the need 
arises, you engineer and install 
public address systems, trans- 
formers, rectifiers, closed circuit 
TV, and power service for the 
electronic Computers, lighting 


and machinery. 


As an Industrial Engineer, \ 
work at the very nerve center of 
IBM Manufacturing. Under your 
supervision are such duties as 
plant layout, materials handling 
and pac kaging, manufacturing 
research and planning, and cost 


engineering. 


RELOCATION EXPENSES PAID IN FULL 
Why not act today? Write, outlining the details 


of your background and interests, to: 


R. A. Whitehorne, Dept, 12505 
International Business Machines Corporation 
590 Madison Avenue, New York 22, N. Y 
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Incentive Wage Practice for Restricted Work 


By Dr. John C. Scheib, Jr. 


lasistant Professor, Production Management, University of California 


Very often the published descriptive literature has ap- 
proached the analysis of wage incentives as though the sys- 
tems were to be applied only to productive efforts of men 
performing completely unrestricted manual work — Le. 
manual work unrestricted by the necessary accompani- 
ment of machine or process. This is, of course, an unreal- 
istic view tn light of the present status of mechanization 
and automation in industry. Recognition of a distinetion 
between restricted and unrestricted work is exceedingly 
important in view of the fact that provision of adequate 
potential incentive in the two situations requires very 
different basic approaches 


Basis for Incentive Compensation 


The underlying basis for many traditional production 
wage incentives rests on the assumption that the average 
worker can perform his job in less time than is normally 
required for performance without special financial motiva 
tion. One very simple and straightforward basie method 
of providing incentive involves compensating the worker 
on the basis of the results he achieves relative to a standard 
of performance for the job 

This basie foundation for production wage incentives is 
sufficient only in unrestricted work. In process or machine 
restricted work, Vartation in the performance time is pre 
cluded by the nature of the operation. Lf it is desired to 
provide a financial incentive in such a production situa 
tion, by paying the employee on the basis of work per 
formed as measured by standard time, it Is necessary to 
vive special consideration to the development of the 
‘standard time.” 

Process restriction is not the only factor necessitating 
special consideration in the development of standard time. 
One convenient classification provides three categories: 

1. Allowance for personal time 

2. Allowanee for irregular occurrences 

4. Allowance for machine time 

All of these factors are of importance in protecting the 
existence and effectiveness of the common type of incentive 
which has been referred to above. Industrial engineers have 
generally recognized the necessity for the first two types 
of adjustment by incorporating personal, rest and delay 
allowances in their work measurement procedures. The 
problems involved are measurement problems. 
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The Problem of Work Restriction 

The third factor, however, deals with the problem of 
work restriction, and handling of this factor shows lesser 
degree of uniformity. The solution to this problem cannot be 


fulfilled with pure measurement techniques but must involve 


the basic design of the incentive structure. 

Equipped with an incentive program designed for un- 
restricted work situations, and faced with an application 
involving restriction, the practicing industrial engineer 
must follow one of three alternatives: 

1. Ignore the effect of restriction and develop an un- 
adjusted time standard. 

2. Apply the basic incentive structure to the special 
situation by providing for development of a standard time 
which is adjusted to reflect the degree of restriction. 

3. Develop a completely new incentive structure to give 
recognition to the unique characteristics of the work 
situation. 

A survey of industrial practice, undertaken as part of a 
more extensive research project, indicates that formal 
policies of industrial organizations do incorporate each of 
the three stated alternatives. An analysis of a selected 
number of such formal policies, described by standard 
operating procedure manuals, gives an indication of the 
results to be expected from each alternative, and the 
variety of approaches to compensating for the restriction 
factor (as indicated in both 2 and 3). 

Phis analysis has resulted in the classification of ap- 
proaches into five categories: 

I. Straight standard hour. 
Il. Standard hour with constant machine incentive 
allowance 

I11. Standard hour with constant work incentive. 

IV. Empirical consideration of work performance. 

*. Empirical consideration of work performance and 
equipment performance. 

In order to prevent misunderstanding, the following 
terms are defined for use in discussing the methodology of 
the five general approaches. 

EXTERNAL 
performed outside (external to) the restricted portion 
of the work eyele. 

INTERNAL = Standard time for work performed dur 
ing (internal to) the restricted portion of the eyecle 


Standard time for unrestricted work 
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IDLE = Entorced cyclical idle time when internal work 
is performed at normal pace. 

INCENTIVE IDLE cyclical idle time 
when internal work is performed at incentive pace, 

MACHINE TIME Constant time requirement for 
the machine or process restricted portion of the 
operation cycle. 

PERFORMANCE STANDARD = Total standard 
time allowance for the operation, 

TRUE WORK Total standard time allowance for 
manual work content of the operation. 

CYCLE TIME = ‘Time requirement for one complete 
cycle of the operation. 

1CTUAL = Actual elapsed time required for perform- 
ance of one cycle in a work situation. 

TRUE WORK INDEX A measure of the efficiency 
of utilization of manual work. 

LQUIPMENT INDEX = A measure of the efficiency 
of utilization of equipment. 

KARNINGS INDEX 


of an operation reflected in earnings. 


A measure of overall efficiency 


Description of Industrial Practice 


Using this terminology, brief description of the five types 
of incentive structures encountered can be attempted. 

I Straight standard-hour. Designating the use of all 
systems incorporating straight measurement of normal 
elapsed time in the development of the time standards, 
This would include “piece rate” systems, as well as that 
system commonly referred to as standard hour, in all situa- 


tions Where no formal consideration is given to the presence 


of work restriction in the standards development. Although 
there are many variations of terminology used in conjune- 
tion with this type of structure, a simple formula for 
development of the standard could be: 


Performance Standard Kerternal + Machine Time 


The evaluation of performance could then be arrived at 


Karnings Indea Performance Standard 


Actual. 


Il Standard-hour with constant machine incentive allow- 
ance, Designating the use of all systems incorporating 
measurement of normal elapsed time in the development 
of the time standard, but differing from Type Lin that the 
elapsed time values are adjusted in such manner as to in 
corporate an automatic bonus of constant percentage for 
restricted segments. Exemplary formulae for use in the 
development and application of this structure are: 


Performance Standard external + (f) Machine Time 


Karnings Index Performance Standard Actual Time. 


II] Standard-hour with constant work incentive. Desig 
nating the use of all systems incorporating measurement 
of normal elapsed time in the development of the time 
standard, but differing from Type [ in that elapsed time 


May June, 1957 


values are adjusted in such a manner that the degree of 
incentive potential during restricted work periods is 
directly dependent upon work load involved, Although the 
formula for determination of earnings for this type could 
be identical to that used in the first two types, the method 
and formula for development of the standard is basically 
different : 


Performance Standard = Laxternal 4 
Machine Time + (f) Internal 


A more specific formula defining the funetion of internal 
work time Is: 


Performance Standard = External + Internal + 


| Machine Time — (Internal Ineentive Pace)| 


Krternal + Internal + Incentive Idli 


IV Empirical consideration of work performance. Desig- 
nating plans which provide for empiric development of 
earnings by use of prepared tables, ete., which give primary 
consideration to manual work time involved, Such an in- 
centive structure must be designed specifically for such 
restricted work situations, and empirically developed 
tables must reflect the degree of restriction. 

Since this type does involve empirical development, the 
terminology is subject to great variation, Similarity in sys- 
tems of this type results from the emphasis on manual 
efficiency using a measure of true work in) performance 
standard development: 


True Work Internal + External 


This true work standard is used in the determination of 
a true work index: 


True Work Index True Work Actual 
The empirical effect is in determination of the earnings 


index using the true work index: 


Karnings Index = (f) True Work Index 


The function (f) is empirically developed to refleet the 
degree of restriction in the work. 

V Empirical consideration of work performance and 
equipment performance. 

Designating plans which provide for empiric develop 
ment of earnings through use of separate considerations of 
manual work efficiency and efficiency of machine utiliza 
tion. Such an incentive structure requires “dual standards 
development” and is necessarily applicable only to re 
stricted work situations whereby man is paced by machine 
or process. Such systems require development of separate 
“time standards” for manual work and for process require 
ments, application of these standards in actual work situa 
tions to determine efficiency indices for work and for 
equipment, and joimt consideration of these separate 
indices to empirically determine an overall efficiency index 
for use in the caleulation of earnings level. 
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Stated in termes of formulae, exemplary Type V 
ture could involve consideration of: 


True Work Internal + Earternal 


True Work Index True Work Actual 


Consideration of equipment performance is achieved by: 
Cycle Time Vachine Time + (haternal 


Incentive Pace) and Equipment Index 


Cycle Time Actual 


The empirical effect is in development of an overall per 
formance index such that: 


(f) True Work Index 4 


Karnings Indes 
(f) Kquipment Indes 


In aetual practice this last functional relationship is 
usually pre-calculated and provided in tables 


Sufliciency of the Categorization 


This listing certainly does not completely cover all of the 
many proposals in the history of wage incentives, At least 
three additional types could be included as variations of 
Types through to incorporate “gain-sharing’’. How 
‘vuin-sharing’ is certainly an incentive 
characteristic meriting detailed consideration, it is a device 


ever, although 


mtroduced for reasons other than the solution of incentive 
Its effect this 
respect might be considered so minor as to justify non- 


problems created by work restrietion 


consideration 

\lthough the categorization provided is admittedly in 
complete, a large majority of current production wage 
incentives for direct labor applications are probably in 
elided. ‘Pype [fulfills the previously deseribed alternative 
of “ignoring restrietion,” Pypes and each tlustrate 
conformance with the second alternative of “adjusting the 
standards within the incentive structure,” and Types TV 
and V conform to the third alternative of “completely new 
structures.” 

By detailed analysis of selected incentive plans which 
conform to each of the above deseribed “types,” it is 
possible to make relatively objective and realistic evalua 
tion of the practical sufficiency of each of the several types 
in achieving “ineentive goals” with respect to restricted 
work situations. In order to accomplish such evaluation, 
however, there must be provided some uniform standards 


for 


Criteria for kvaluation 


From the millenium of publishments and recommenda 
tions on the subject of wage incentives, it is difficult to’ list 
and consider all of the large number of “requirements of 
good practice’ which have been proposed. This may not 
be necessary in the present instance as many requirements 


can be satisfactorily fulfilled within any of the basic strue 
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tures considered. The criteria can be limited to those most 
subject to violation providing compensation for re 
stricted work and enforced cyclical idle time. This should 
be sufficient for evaluation of the industrial practice 
deseribed. 

In accord with this approach there can probably be 
found some agreement that financial wage incentive pro 
grams should, among other things: 

|. Be simple and understandable 

2. Make possible computation of earnings by the 
employee 

4. Provide sufficient reward attainable with reasonable 
effort. 

1. Appear equitable in order that proper attitudes be 
fostered, 

Actually these requirements can be divided into two 
basic eriteria to be used in evaluation. One of these, indi 
cated by the last two of the above requirements, involves 
the results of the development and application as reflected 
in earnings indices. Three guiding characteristics are in 


volved: 1) provision of attainable differentials of adequate 


size, 2) provision of consistency of opportunity between 
applications, and 3) provision of potential attainments 
equitable in comparative considerations. 

The other of the basie criteria is indicated by the first 
two requirements which deal with the lack of complexity 
in methodology and the ease of administrative computa- 
tion. Evaluation on the basis of this eriterion must be 
executed with complete awareness of the method of per 
formance standard determination and of earnings index 
determination. 


Analysis Procedure for the Evaluation 


Although this second criterion might be satisfactorily 
considered by analysis of the general mechanics involved, 
the nature of the first eriterion with respect to the results 
of application of the system can only be evaluated accord 
ing to performance in work situations. Since there are at 
least two pertinent variable characteristics of such work 
situations, ie. degree of restrietion and proportion of idle 
time, several different types of work situations must) be 
considered 

For purposes of the research summarized here, six dit 
ferent but related work situations or cases were considered 

Case | 

Case I 

Case 

Case TV 
Cuse V 


use VI O° unrestricted, no idle time involved. 


100° unrestricted, no idle time involved 
50% unrestricted, 10° idle during cycle 
10% unrestricted, 10° idle during cycle 
50° unrestricted, 50 idle during eycle 
10° unrestricted, 90 idle during eyele 


The percentages listed are predicated on standard times 
established on the basis of elapsed times at normal per 
formance. In order to develop standards for each of the 
incentive systems analyzed, specific time values were 
developed to contorm lo each 


In order to apply these standards, it was also necessary 
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to arbitrarily assume levels of manual performance in the 
execution of the operations: 

1. sub-normal level of 75% 

2. normal level of 100%. 

4. expected level of 125% 

1. superior level of 150% 

These percentages were applied only to the times for 
tnanual work and were assumed to be consistent regardless 
of the degree of idleness in the operation. 

Only the conclusions of the described investigative pro- 
cedures, With respect to each of the general types of incen- 
live systems, can be reported here. The details of the vari- 
ous Computations for each specific system of incentive is 


included in 


the original research report. listed the 


references to this paper 


A Rating System for the Evaluation 


This evaluation with respect to the first criterion, pro- 
Vision of sufficient attainable earnings which are consistent 
and equitable, makes use of a three-degree descriptive 
rating for each of the three facets involved: satisfactory, 
doubtful, or unsatisfactory 

This rating system is apphed to the probable adequacy 
of carnings, under each type of incentive, in motivating 
Hiaintenance of equipment performance, Such evaluation 
is dependent only upon provision of incentive at any level 
of manual performance. The same rating system is applied 
with respect to the probable maintenance of the level of 
manual performance Which is contingent upon the pro 
Vision of adequate reward at the expected level of perform- 
anee, and also upon there being sufficient differential of 
reward between different levels. The third facet of the first 
criterion, to Which the same rating system is applied, con- 
cerns the consistency and equily of earnings and depends, 
primarily, on the effect of increased idle time upon earnings 
potential. 


The evaluation with respect to the second eriterion in 
volves rating two factors in each of two primary types of 
methodology: 1) methodology of standards development, 
and 2) methodology of earnings computation, The first 
factor considered with respect to each methodology is the 
complexity of the mathematical computations required, The 
rating seale for evaluation of this factor involves four 
degrees: very simple, moderately simple, moderately difficult, 
and very dificult. The rating applied is dependent upon the 
nature of the computations involved. The second factor 
concerns the case of explanation (and justification) of the 
methodology and can be descriptively evaluated with a 
four degree rating scale: straight-forward, slightly involved, 
moderately involved, and very involved, 


Description and Comparative Evaluation 


A summarization of the descriptive evaluation is shown 
in Figure | tor the five basic types of incentive structure 
These ratings have been applied on the basis of perform 
ance in the cases described of actual incentive structures 
conforming to each of the several types. 

TYPE I 


volved can be considered relatively very somple, Computa 


In Type [ structures, the methodology in 


tion of the performance standard involves only summing 
the measurable times for the various components of the 
job, and earnings computation Gi terms of time) involves 
simply the summation of the work (measured in units of 
standard time) performed. The methodology can also be 
considered straight-forward since it can be justified on the 
basis of direct measurement of the work requirement in 
terms of time, This is in conformance with traditional 
modes with respect to remuneration for work, 

A consideration of the adequacy of earnings provided 
by a Type T incentive structure does not provide so satis 
factory an evaluation, Detailed analysis of earnings pro 
vided in different “eases” indicates that, except for un 


Descriptive Rating of Incentive Structure with Regard to 


Adequacy of Earnings for Maintenance of 


Manual Labor 
Performance 


jipment 
Performance 


juitable 
(Consistency 


Unsatisfactory Unsatisfactory unsatisfactory 


sutistactory atistaectors nsatistactory 


sutisfactory atisfactory satisfactory 


unsatisfactory insatisfactory satisfactory 


satisfactory atisfactory satistactory 


Descriptive ratings of 
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very simple 


Standards Development Earnings Computation 


Mathematical hase of 
Computations Explanation 


Mathematical 
Computations 


Kase of 
baxplanation 


straight very simple straight 


forward forward 


moderately 


~imple 


moderately 


very simple 


moderately 
difficult 


slightly 
involved 


slightly 
involved 


slightly 
involved 


very involved 
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very simple 


very simple 


moderately 


diffieatt 


very diffieult 


straight 


forward 


straight 


forward 


moderately 


involved 


very 


involved 
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restricted operations, job incumbents would be greatly 
restricted in earnings potential. For example, in 50% re- 
stricted jobs (Case 11) a work pace of 125% is rewarded 
with only 110% earnings since only the time requirement 
for the unrestricted portion of the cycle could reflect 
increased pace of work. The sufficiency of such reward in 
motivating maintenance of performance with respect to 
either equipment or manual work is doubtful, and when re- 
duced even further by increased restriction or enforced 
idleness it is almost certainly unsatisfactory, 

The “equitable consistency” of earnings under Type I 
systems must also be considered unsatisfactory when ap- 
plied to restricted cases, since the earnings level ean provide 
potential for inereased earnings based only on the unre- 
stricted work rather than on the total manual work load. 

TYPE TL The Type UL structure involves a modifica 
tion of the Type I, such that the standard time is modified 
toinclude a constant allowance, in addition to the standard 
time, for restricted portions of work cycles. The perform 
ance standard is not just a summation of elapsed time 
but includes a fixed proportion of restrieted time as an 
incentive allowance. (The same result is achieved by ex 
pressing standard time at incentive pace rather than nor 
mal, and determining compensation relative to an incentive 
rather than a base pay level. Using this method, the 
“standard time’ is a summation of the elapsed times.) The 
use of Type [structure has the result of modifying Type I 
strueture to provide for handling controlled time as 
“incentive” time rather than standard time in the usual 
sense. This requires slightly inereased complexity in the 
mathematics involved and reduces somewhat the straight 
forward simplicity of the standard-hour system. Neither 
effect is of a radical degree however. 

The effeet of this modification on the sufficiency of earn 
ings potential provides distinet improvement over Type I 
incentive structure, The results of various applications of 
Type IL systems from the standpoint of earnings indices 
indicates that the worker is provided greater incentive to 
avoid exerting a negative control on the restricted eycle 
Through maintenance of the machine or process, increased 
effort expenditure results in sizeable increases in the earn- 
ings index a characteristic not true of Type applications 

\ shortcoming of the Type TL structure results from the 
fact that no consideration is given the extent of internal 
work load Le. the amount of manual work performed 
during the restricted portion of the eyele. For example, 
earnings potential is just as great fora Case IV (50% idle) 
operation as fora Case TE (10 idle) operation. This char 
acteristic results in an unsatisfactory rating with respect to 
the existence of inequities between various applications of 
the system. 

TYPE 


IIL incentive structures merit the most satisfactory ratings 


Reference to Figure | indicates that Type 


with respect to general fulfillment of the criteria being con 
sidered. The structure for this type of system can be 
achieved in several ways, each of which is designed to fulfill 
the goal of providing equal incentive opportunity for all 
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manual work regardless of whether it is external or internal 
to the restricting factor. Any attempt to fulfill such a goal 
with a structure which is simply a modification of Type I 
requires some degree of compromise, however. The com 
promise usually accepted necessitates the assumption of a 
desired performance level on which the development. of 
standards is predicated. With this compromise, it Is pos 
sible to develop time standards which will be equitable, 
consistent, and provide adequate incentive, but which wall 
be completely correct in application only at the assumed 
level of performance. 

Such a standard is developed by summing the times for 
all of the work elements required in performance of the 
task, and adding to this the idle time which will be en 
countered if the job is performed at some pre-established 
“incentive level” of performance. Such a system provides 
the job incumbent with full potential for incentive reward 
for performance of manual work at incentive pace. The 
incumbent is not penalized for cyclical enforced idle time 
since it will be automatically compensated for at the hourly 
rate. The system is only correct at the incentive level used 
in computation of the standard, however, since too much 
idle time would be included for work at less than incentive 
pace and too little for work at greater than incentive 
pace. 

In spite of this shortcoming, the Type IID structure pro 
vides satisfactory motivation to the incumbent for mainte 
nance of equipment utilization, satisfactory incentive to 
maintain a desirable level of manual performayee, and 
satisfactory maintenance of equitable relationships between 
different: applications. It achieves this with moderately 
simple standards development computation and with rela 
tively very simple earnings computations. Although the 
method of standards development is slightly involved, the 
method of earnings computation is very straight-forward 
and relatively easy to justify. 

TYPE IV 


standards developed under Type IV) structure indicates 


Detailed analysis of the application of 


that, although the system results in logical consistency 
between applications from the standpoint of showing 
decreased earnings potential with increased idle time, if 
does not provide earnings differential between different 
levels of effort’: performance sufficient to motivate the 
higher levels of performance. It is also apparent that in 
cases With high percentages of idle time, sufficient finaneial 
incentive is not provided for motivation in overall pet 


formance, 


The mathematical computations involved in the Type 


IV structure is moderately involved in an attempt to re 
fleet adjustment to characteristics of the operations 
covered, The system involves use of predeveloped charts to 
incorporate allowances for enforced idle time into the 
earnings computation. These charts are used in conjune 
a standard 
which reflects only the “true work” content of the job. This 


tion with the “standard” for the operation 


requires that two index caleulations be undertaken in the 


process of determining the earnings index an index of 
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“true work” performance is modified by an empirically 
developed factor which reflects the degree of restriction. 

Although the first index required in computation of 
earnings under the Type IV structure is very similar to the 
earnings index under the Type [ system, this index must 
be used in computations involving a formula which is 
empirically developed and has no apparent logical justifi- 
cation from an equity standpoint. It is extremely doubtful 
that an average incumbent on an incentive job could 
either readily calculate his own earnings or justify the 
method of calculation. 

TYPE Vo The Type V structure is the most elaborate 
encountered for provision of incentive payment for re- 
stricted production operations. Incentives of this type are 
not unusual, however, as this alternative has been chosen 
by an inereasing number of organizations faced with 
increasing amounts of restriction ino eritical production 
operations 

This type of structure involves increased complexity 
with respect to both standards development and earnings 
computation. An attempt is made to give consideration to 
Maintenance of equipment capabilities, as well as to per- 
formance of manual work, through development and 
application of dual standards. The first standard is a “true 
work” standard, ie. a time measurement of manual work 
content. The second is a time standard for capacity 
machine performance and may be a simple summation of 
time requirements for the various components of the job 
at incentive level of performance, Although neither of the 
standards require complex development procedure, the 
fact that twostandards are required makes for less meaning 
in the standards as true measures of the job requirements. 

The procedure for earnings calculation with this system 
is the most complex of any considered since consideration 
must be given to two standards. This consideration 
necessitates calculation of three separate indices. The first 
two of these indices involve the use of the respective stand- 
ards in conjunction with the actual time, and each set of 
calculations is very similar to that used in the (Type I) 
standard hour system for direct determination of earnings 
index. In the Type V system, however, these indices must 
be used in very involved mathematical procedure using 
formulae or prepared tables. 

Because of the extreme complexity of standards develop- 
ment and earnings determination, Type V structure can- 
not be evaluated as fulfilling the second criterion. The 
earnings computation required must certainly be rated as 
very difficult and very involved since it is extremely doubtful 
that even the above-average job incumbent could readily 
calculate his earnings with reasonable expenditure of 
mental effort. 

Reference to the rating chart indicates, however, that 
the results of application of this strueture can provide 
generally satisfactory earnings as evaluated with the first 
criterion. The very involved computational procedure per- 
mits development of a desirable earnings pattern which 
can provide sufficient attainable earnings differential with 
consistency of opportunity and apparent equity in levels 
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of compensation. The flexibility attained in use is the 
primary advantage of such an empirical development 
since it is possible to design an empiric structure which 
will cause a resultant earnings pattern predetermined as 
desirable. The complexity which may be necessary in 
achieving this goal may very well negate the results 
however. 


Summary Conclusions 


Study of information provided by the rating chart per 
mits some summary conclusions with regard to the com 
parative adequacy of the several systems. 

Type 1 methodology is uniformly unsatisfactory from 
the standpoint of provision of adequate incentive for re 
stricted operations. The fact that an unsatisfactory system 
is very simple and straight-forward is no justification for 
application of the system. 

At the expense of some simplicity, the Type LL structure 
is capable of providing financial incentive with respect to 
both machine utilization and labor utilization in isolated 
applications. The method results in inconsistencies be- 
tween jobs of varying characteristics, however, and would 
undoubtedly be productive of considerable worker dis 
satisfaction which could negate the incentive provided, 

The most uniformly desirable ratings are earned by 
Type ILL methodology. Although some systems designed 
with this structure make use of pre-calculated tables, 
formulae, ete. causing the mothodology to be undesirably 
involved, it is possible to simplify the mechanical aspects 
to cause them to be satisfactory. With only limited excep- 
tions, the financial incentive provided is very satisfactory 
from the viewpoints used in this analysis. Where it can be 
satisfactorily applied, the Type ILL method of providing 
production wage incentive can result in almost complete 
adequacy. 

The Type TV classification does not merit detailed dis 
cussion in a consideration of satisfactory methods of pro 
viding financial production incentive to restricted opera 
tions. The increased complexity of the methodology is 
difficult to justify by the generally unsatisfactory results 
in incentive provided, 

The ratings with respect to adequacy of earnings pro 
vided by Type V systems indicate that this methodology 
is capable of providing satisfactory levels of earnings for 
provision of monetary incentives. However, this is achieved 
only through introduction of highly complex developmen 
tal procedures which are probably logically unjustifiable to 
the employee. This characteristic, combined with involved 
computational procedures in administration, causes Type 
V structure to be somewhat lacking in desirability. 

In spite of this, i must be recognized that there is justifi 
cation for an attempt at application of wage incentives to 


production processes which are not simple and straight 


forward. Vf variations in labor requirements, machine 


capacities, ete., preclude the possibility of developing one 


constant performance standard, an involved system might 
be indicated. In such a situation, a Type V structure could 
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be justified and certainly might prove workable and 
beneficial 

In the more “typical” situation involving standardized 
methods, the involved procedure of a Type V structure 
cannot logically be justified in view of the much less in 
volved Type TLL methodology. [t must be concluded that 
the basie procedure of the Type ILL methodology provides 
the most satisfactory of the approaches here considered for 
provision of monetary incentive for restricted operations 
irrespective of the degree of idleness involved 


Limitations Inherent to Evaluation 


Any conclusions must take cognizance of the fact that 
this analysix, on whieh they are based, has concerned 
only written standard operating procedure ol various in 
dustrial systems using the various structures indicated, It 
isapparent that use of “non-standard” procedures to cope 
with many facets of the subject problem is not uncommon 

i) faet, probably the rule rather than the exception 
Development of “fudge-factors” through deliberate mis 
application of allowance factors and through intentionally 

loose’? time values can be used to provide an incentive 
level of earnings not inherent to the basic system used 
Consideration of such “unoffieial individualized develop 
ment has not been attempted since concern here is with 
development of satisfactory formal methodology as 
solution to the subjeet problen 

It should also be pomted out that conclusions reached 
here have not considered the possibility that increased 
idleness ina work eyele will automatically make possible 
higher levels of performance during unrestricted portions 
It is felt that source material supporting this contention 
does not provide evidence conclusive enough to justify 


inclusion in these considerations 
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In final conclusion, it must be emphasized that final 
success or failure of a wage incentive program is not de- 
pendent alone on objective merits of the system used. 
Exceptional administration might very well result in a 
satisfactory program in spite of defective methodology. It 
is certainly true that the existence of a perfect mechanism 
does not guarantee a satisfactory program, except as it is 
satisfactorily administered. With proper consideration of 
non-mechanical factors, however, it would appear that the 
standard-hour system (or its equivalent), modified to 
provide incentive for all manual work and to provide com- 
pensation at a lesser level for enforced idleness, can serve 
as the vehicle for provision of certain desirable motivations 
with respect to performance of restricted industrial 


operations. 
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Mathematical Man-Machine Analysis 


Technical Advisor, Industrial Engineering Division, Bastman Kodak Company 


The man-machine relationship is an old problem in 
industrial engineering circles. As an old problem, it has a 
traditional approach the man-machine chart. This pic- 
torial device teamed with mathematics, however, renders 
our analysis of man-machine relationships far more ef- 
fective and greatly improves our decision-making infor- 
mation, 

To get a notion of mathematics’ role, let’s consider the 
three basic man-machine relationships. 

1. Completely Systematic. The machine in this case has a 
known time interval between requests for attention and 
there is a known and highly constant operator time when 
attending. Such a systematic arrangement can be por- 
trayed algebraically with simple linear functions as will 
be demonstrated later in the discussion, 

2. Completely Random. In this case, it is not known 
exactly when a machine will request service nor is it known 
how long the serviceman, in a specific situation, will take. 
Averages are known, however, and with these averages, 
probability mathematics can be employed effectively, as 
well as servo-mechanism mathematics. This is a queueing 
or waiting line problem about which much has been 
written. (1) 

3. Systematic-Random Mixture. Between the two above 
extremes are all shades of mixtures. Moving from the 
completely random towards the systematic, probability 
can work for part of the distance. For instance, random 
mnachine breakdown with regular service time—an average 
time with low variation —is treated by probability. Even 
regular but highly varying—machine requirements 
coupled with regular service is successfully characterized 
by probability. As the machine battery gets small, how- 
ever, and a systematic servicing predominates, any widely 
spaced but random interruption to that system appears 
to require a mixed approach algebra and probability 
combined, 

This discussion proposes to display a case study of such 
a combined approach to a man-machine relationship that 
is partially systematic and partially probabilistic. The role 
of simple algebra in the systematic phase will first) be 
emphasized, then the overlay of probability on the al 


gebraic model. Man-machine charting had been done in 
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this problem for a long time both in development work 
and in the work measurement activity. It was costly, 
however, requiring 4000 to 5000 engineering hours a year 
just to maintain incentive standards. Moreover, the 
engineering answers both on standards and in development 
work were not completely satisfactory. Accordingly, i 
comprehensive mathematical model was sought in order to 
simplify standards maintenance and give broader scope 
to development work, 


Fic. 1. Kodacolor Printer Work Center, Operator is making 
prints on two of three available printing beams, Note: The printer 
gate on beam three is shown as normally positioned for print 
exposure 
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This case study concerns the Kodacolor printer. This 
printer makes the exposure from a Kodacolor negative on 
hodacolor paper which is subsequently developed photo 
graphically into a Kodacolor print. The Kodacolor printer 
(See bigure 1) consists of three photographically inde 
pendent projection systems (beams) which permits the 
operator to handle three customer orders simultaneously 
The operator loads a negative to the printing gate of one 
beam and depresses a classification button which starts 
the machine on its automatic eyele. When the printing 
eyele is complete, the negative is automatically disposed 
toa negative tray. The operator loads negatives across the 
three beams whose gates are located beside each other on 
When three ex 


postures have been made, the paper advances to accept the 


an inclined panel facing the operator 


next three exposures. This procedure is also performed 
over just two beams when the paper supplied to the printer 
isof such a width as to accept only two exposures. So, the 
Kodacolor printer is a semi-automatic eleetronie complex 
with two or three semi-independent functions each with 
a series of sequential elements and associated operator 
attention elements 

This deseription might mean more i asketch of a specific 
situation were made. In the overly simplified example be 
low (higure 2) these conditions prevail 


There are 2 beans 


Now, the calculation of the time to make a print under 
these conditions is perfectly straightforward: 


Average cycle time O85 minutes 
2 prints per cycle 


O85 2 minutes per print 


(Start up time, in an extended run, is negligible). This is 
the conventional approach to a simnle systematic man 
machine relationship a man-machine chart followed by 
arithmetic calculations. For different conditions changes 
in the number of beams, d, a, or 2—a new chart would be 
drawn and calculations made. To examine many conditions 
would involve considerable sketching even in this basic 
example. Man-machine charting, as any industrial en 
gineer Who has worked with it will testify, is a laborious 
procedure for any sort of comprehensive analysis. 

Turning to mathematics, it’s possible to build a simple 
mathematical model of this system that permits direet 
calculation of productivity, machine idleness, and operator 
idleness for any set of conditions. 

Let us reconstruct a portion of the above operator ma 
chine chart 
These observations are readily made 
1. The elapsed time per eyele (y) is the sum of operator busy 


elements (7) and operator idle elements (blocked area ) 


7 operator busy + operator idle 


Operat clement / tos . 
perator loading elemen ' p MEENA 2. The operation consists of repeating systematic arrange 
Dus 
t exposure time 0: 
rint exposure time ments over two cycles as noted before (our pritits 
Paper advance time J Ol minutes oil 
Operator idle t 
The systematic arrangement can be expressed alge 
Lachine idle time m braically as follows over bee cycles 
Note that Beam No. | will not recommence element 
operator busy 
(a) until the paper advance Cr) has taken place simultane ; 
ously on all beams. Also note that operator element (/) operator idle (a+ 4 d) tor Ist cyele 
cannot comeide with machine element (a) in that beam, 
a d for 2nd evele 
but can comeide with machine element (rc). This latter fact 
couses the pattern to go two cycles before repeating, ol 
where a eyele is defined as the elapsed time between the ‘ , 
d) + (a d) (2a + 4 Jd) 


start of two successive paper advances, That is, cycles 


1,3, and 5 OS while eyeles 2, 4, and 6 oOo 


The total elapsed time per cycle (y) becomes 


a 2 a a a 
x x xX x x 
12 -20 29 46 
K— Start Up ——Cycle Cycle 2 Cycle Cycle 4 etc. 
-08 -09 -08 
Mme Scale (minutes) 
Kia. 2 
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x 


x 


x 
= 


x 


1 +e Cycle 


And considering that the mumber of beams is * 


average time per print (1) becomes: 


hor our example: d 


Ol, n = 


(2)(.05) + 


(2) (.03) 


0425 minutes per print 

operator idleness per print 
2 125 man. 

machine idleness per print 


total time machine time 


O45 min 


\ll this is rather elementary, but it does show how 
simple algebraic generalization can eliminate the elaborate 
reproduction of man-machine charts for every new situa 
tion in a systematic problem. With the above model, any 
two beam situation quickly can be analyzed for any com 
bination of d, a, anda. Charting, admittedly, was initially 
Hmportant in understanding the system — mathematics 
captures that understanding for perpetual use. Extending 
this to three beams, for instance, requires some charting of 
the three beam situation. From such a chart, a simple gen 
eralization involving d, a, and now (n number of 
beams) evolves. We will not discuss this, however, for 
there is another direction of complexity that is more 
portant 

The printer, as deseribed up to date, has shown only 
behavior. But note that the roots of both 


random and systematic behavior exist. The three beams 


operate with mechanical idependence up to the point of 


the simultaneous paper advance. [fit were not for the tie-in 
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associated with paper advance, the three beams could be 
considered as three separate machines attended by one 
operator, This partially independent feature is the basis 
for random behavior; it is only systematic when one 
variable the number of prints made for cach negative! 
is constant. This variable controls the frequency of oc 
currence of the negative handling element (d). Up to now 
in our description, prints per negative has been equal to 
one for every negative considered; ie., each print made 
had a negative handling element, This is not unrealistic 
since it matches the actual experience of handling “process 
and print” orders those orders wherein a customer sends 
in an undeveloped roll of Wodacolor Film requesting 
development of the negative and one print each 

There is another type of work, however, defined as 
“print only” work. A customer sends in separate negatives 
already developed (irom previous “process and print” 
work) and requests one or more prints (say 2,5, sometimes 
20 or 5O) from such negatives. In this kind of work, the 
partially random behavior exhibits itself. The number 
of prints made from each negative is not necessarily the 
same; the negatives to be printed occur in a completely 
random manner- that is, knowing what (Ais negative re 
quires in the way of prints is not necessarily an indication 
of what the nert one or the one on the other beam: will 
require, So, in any given eyele, the printer can be working, 
on one beam, on a single print negative, and on the other 
beam, on the third print of a five print negative. Or maybe 
the combination is six of six on the first beam and one of 
two on the second, and so forth. Now, if that paper ad 
vance linkage connecting the beam action did not exist, 
these beams could be considered as two or three separate 
machines (as noted earlier) attended by one operator and 
subject to the conventional multiple machine probalility 
analysis. The constant re-alignment of these partially 
independent functions, however, gives the printer this 
mixed-up partially 


systematic, partially 


random. 


There is another variable also” the number of negatives: per 
order involving operator order handling time. An order is the 
customer package, For simplicity in’ explanation, this order 
handling element will not be considered. Its treatment parallels 


that of prints per negative 
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Before examining the approach to this combined prob- The problem is to determine the expected production 


lem in detail, let's summarize briefly. The Kodacolor from a Kodacolor printer for any set of given values for 
printer can be considered as having these basic variables: the variables shown above. 
n The number of beams in operation simultaneously, As before, here is a specific example: 
usually two or three n 2 (number of beams) 
d Negative loading time. The operator loads the d 05 (operator time to load a negative ) 
negative in the gate and depresses the classifica a 0% (printer time for one exposure ) 
These orders are a random selection of “print: only 
pendent on the negative size and type of order rh random select 
work to be printed on two beams: 
handled 
7 Print exposure time. This may be values from 2.5 
Beam #1 Beam #2 
to 5.5 seconds for current machine designs. How 
> } ‘ | , | = No. of No. of Prints No. of No. of Prints 
ever the value is a constant for a given machine for Negs Prints Neg Ness Prints Neg 
a given period 
Order | 2 6 
Paper advance time which is fixed for all printer 
This is the time the machine takes to index the 3 
paper for the next series of exposures 
The average number of prints-per-negative for ‘ 
that order type. This may be any value > 1.0, Total 13 » 16 »” 


These variables are the minimum required to retain the 
No. Negatives to be handled 29 


character of the problem, The actual operation consists of 
No. Prints to be made 44 


other equally important elements that will be left out now 


4 
He am 
] 
a a 
1 — a a a 
rt rh 
2 a a — 
x 
(.46) 
Start 
a | 
a |* a a = a 
(.47) 
1 re x x x x x 
= a a a 
= = (.51) 
| 
La 
(.33) 
t 
Stop 


Time (minutes) 
hia. 4 


160 THE JOURNAL OF INDUSTRIAL ENGINEERING Volume Vill, Number 3 


| 
| 

\ 

4 

| 

-05 +10 +25 +50 «40 «45 


As shown earlier, a solution to the problem can be at- 
tained by the construction of an operator-machine chart 
as shown in Figure 4. 

Total time (Y) 

(perator busy 


1.77 minutes 
S87 minutes 


S87 
for 22 cycles: 
. 


minutes 


0395 min/eyele 
Operator idle 


for 22 cycles: ~ 
») 


OFLO mins cyele 


min cycle 


Time per print (¢) 0403 min cycle 


From this chart, as before, print productivity can be 
calculated (disregarding, for the moment, the blocked in 
operator idle times): 

Total time 1.77 minutes (minus start up) 
Total cycles 22 
Average Cycle Time 1.77/22 805 min. 


OSO5 


and Average Time per print O403 min. 


This chart value, however, would not be acceptable as 
a final one since this collection of work is only a partial 
one, albeit random. The chart is just a fleeting 1.77 minutes 
of activity perhaps never to recur in exactly the same way. 
More charting would be required for this set of conditions 
to say nothing of other values for a, d, 2 and R, Charting 
alone to erack this problem is now an immense chaotic job 
even for this simplified version of the operator-printer 
relationship. Using both algebra and probability, however, 
it is possible to build a mathematical model that describes 
the system once and for all. 

We can use {he chart of this specific example to get 
some idea of how the system as a whole operates, As noted 
before | 

Time per Cycle y ~ operator busy + operator idle 


Sum of the (d/) values 
No. of Cycles 


Operator Busy 
Per Cycle 


~ 


(.03)(29) M7 | 
— = OF (in figure 4) 


This operator busy time can be developed into a more 
convenient form as follows: 


(no. of negatives) 
No. of Cycles 
(d/) (no. of negatives) 
No. of Prints/2 
No. Prints per Negative 
(2) (.03) 


OF minutes 


The idleness elements——shown as blocks in Figure 4 


now need to be described to complete the mathematization. 


May June, 1957 


Examining Figure 4 closely, we can see that the amount 
of the idleness element depends more or less on whether 
or not there is a negative handling element in that eycle. 
If there is no negative handling it means the printer is 
working in other than the first print of a multiple print 
negative. The printer does this automatically acting on 
operator instructions registered by a pushed button when 
the negative was originally loaded, 

We can redefine the system, in Figure 4, therefore, in 
terms of whether a cycle has or doesn't have a negative 
handling element. Below, “d” in Figure 4 indicates that 
a negative is handled to make a print in a cyele and “0” 
indicates that no negative handling occurs in the eyele. 
Beam #1 ddddd dO 
Beam #2 dU00d00d0d0dddddddddddd 


Here are all possible combinations: 
Beam 0 
Beam #2 0 


We can improve this knowledge by seeking a statement 
of how frequently each combination oecurs or what the 
probability is of the combination occurring. 

With these definitions: 


P. = Probability of getting no negative in a eyele 


Probability of getting one negative im ¢ 


evele 
«=P, = Probability of getting two negatives in a eycle 


We can consider the occurrence of “dd” and “O" as 


random? and use these probability statements, 


For Example: Solution for where 1/3 

Probability that a negative is handled for a print to be made 
the occurrence of (d) = 1/R or 1/3 

Probability that no negative is handled for a print to be made 


» occurrence of (0) = = = 
currence R R 


2 In any one beam, “d” and “O” are not independent since the 
number of prints per negative in any one order is likely to be 
similar, There is, then, a “bunching” effect within a beam. The 
work in one beam, however, is independent of work in another 
beam and the aggregate effect at any cross-section (cycle) ap 
proaches complete randomness as more beams are included 
Within beam dependency is really quite slight so that the 2 beam 
effect exhibits this randomness for all practical purposes as the 
3-beam effect also does 
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| 
d 
or 
d 
d 0 
d 
(R 1)? 
Py = 
he 
20h 1)! 
P, = 
It 
| 
| 


/ of x x 
0 d hk K 
2.2 


Note that this could have been ¢ pressed ts 


Where 


number of beam 


These probability statements are for individual cycles 


systematic example showed (see Figure 2 and the com 


however, has a two eyele pattern as the first 


ment Any expression that would yield a value for 
idleness must relate to combinations over adjacent cycles 

Hot midividual eyeles. Accordingly, we can expand our list 
Of posible combinations and note opposite a new defini 


Hon using the previous definitions as a basis 


Defined as 


‘ Po 
od 
“oid 
“od 0 do 
did “ood PP 
di id a 
d d 
| 


mining the probability of getting each of the idleness e» 
pressions is done by following the basic probability rules; 
“and” means multiply the probability expressions 
“or” means add the probability expressions 
Consider the Py” 
P, to occur and Py to follow: 


Po X = Po 


Consider the “Py Py or Py Py” 
P, to occur and P, to follow or Py to occur and Py to 


combination: 


combination : 


follow 


(Po Py + Pi Po) = 2 (Po Pi) 


Thus, all the probability statements can be developed 
and combining them with the idleness expressions results 
in a final mathematical model for the system that is repre 
sented by the example in Figure 4: 


R 


y = operator busy: 7, (as shown before) 


+ 


operator idle: Pola + 4) 


(2 
+ 2P(P, + 


+ PAP, + 


2a + x — 2d) 
2 


t pe! 


The caleulation using the model for the example 


(R — 1) (1.5 1) 25 
Charting these possible adjacent evele combinations (or R (1.5) 2.29 
observing in igure when they do oecur) permits the 1)! 1)! 10 
development of idleness expressions in terms of and d P, R (| AO 
for certain groups of these combinations. These are shown 
below (R-—1) (15 1)” 10 
These Idlonces Expressions Prevail R (1.5) 2:25 
Nverage [dleness eyele 
| PoP | 
Potal 1.000 
PoP, or P,P. 
> (2a + 4 Po Ol R | 
4 or or ~ 
2 
PP. PP 2 + Pe) 20 d 
PP P, (P; + 2P:2) HO a OD 
f d) 
2 AY r= Ol 
or Py 
Total 1.000 
Jd 
PP See figure 2 
d Model 
The above four idleness expressions are the only expres (2a + 2) 
sions that exist forall the possible adjacent eycles combina + Pola + + 2PAPi + Ps) 
i 2 
tions, These expressions tell how much idleness occurs; the 
associited probability statements can tell how frequently; PP, 4 (24 +a —d) (24 2d) 
combining both will give a total idleness picture. Deter 2 2 
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9 49 
| 
| 
; | 
(2a + 4 d) | 
CE | 


(2)(.03) (.11) 
+ (.O1)(.06) + 


: (.05) 
+ + C19) 


OL + 0006 + OLLL + 0240 + 0047 
min. cycle 


OSO4 2 402 min. per print 

This compares very favorably with the actual value from 
the Figure 4 chart of .0403 minutes per print. It gives a 
good idea of the adequacy of the model. This close corre 
spondence is not always realized in such a short run, of 
course; the model portrays the average long run pro- 
ductivity and short run differences between actual and 
predicted are to be expected within statistical limits, 


It should also be noted that the actual system may not 


repeat itself on every other cycle as it did in the purely 
systematic case (Pigure 2). Using the adjacent cycle 
notion as a base agaim reflects an uverage condition. The 
eyeles repeat ina random fashion, actually, refleeting the 
probability overlay on the systematic relationship. 

This mathematical model fora systematic probabilistic 
man-machine relationship has one main feature: it de- 
scribes and quantifies a finite reasonable (say <15) number 
of situations and attaches a probability to each situation. 
These quantities for each situation multiplied by their 
probabilities and summed give a weighted total pieture. 
In a more generalized form 


time per print 
h operator busy time 
fd, Ryn) n = 2 in this discussion 
operator idleness 
iP Ay 
probability of the jth condition arising 
gi he, n) 
idleness associated with jth condition 
hia, d) 
the number of the possible condition 


where / is finite and reasonably 


small (<< 15) 


This last restriction is opinion-—it would) seem that 
the complete probability approach (as deseribed in the 
conventional queueing theory literature of reference 1) is 
suggested if the possible number of conditions gets too 
high. In the complete Kodacolor Printer Model, for in- 
stance, / s 

There have been some extremely beneficial results from 
this specific mathematical model, It has been programmed 
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on the Card Programmed Caleulator® (recall that there 
are several more variables and complexities in the complete 
model) which has permitted a new dimension in develop 
ment work. Where five or, at most, a dozen combinations 
of possible new conditions was the limit in man-machine 
charting at that, incomplete the upwards of 200 or so 
were recently examined and completely so on the caleu 
lator. Moreover, 3000 industrial engineering hours have 
been released in work measurement areas as a result of 
this model. Work Measurement posed a continuing prob 
lem of changing standards on a dozen or so varieties ot 
printers to keep pace with the constant improvements 
being made by electronic engineers. And, finally, no ade 
quate assessment can be made of the secure knowledge 
that the answer is “right” and not just the end point of an 
incomplete engineering analysis. 

One question that arises on such models is the treatment 
of input data as though it were rigidly fixed. Operators 
certainly differ and any one operator varies in successive 
element times. These facts raise no problem, however, 
operators have a productivity directly proportional to 
their individual average time on the operator-paced portion 
of work. Within operator variation “averages out’ the 
realignment of the system every cycle eliminates the usual 
waiting line problem of service time being irrevocably lost 
if servicing idleness oecurs. So, generally speaking, the 
Central Limit Theorem protects against variation all the 
way through and average (or, if you wish, standard’) 
times are usable. 

Whenever analytical methods seem complex it suggests 
the use of Monte Carlo or simulation techniques, Ot 
course, man-machine charting is a “poorman’s’ Monte 
Carlo very poor man, we might add and it points up 
some of the difficulties. This simulation would be heavily 
loaded with alternatives as each new item of data is added, 
Selecting alternatives with numerous rules to follow. ts 
not easy on conventional punched card equipment and is 
not cheap on the more elaborate electronic data processing 
machines. [n this problem the latter was not available; it 
is honestly hard to say at what pomt analytical com 
plexity will tip the scales toward Monte Carlo, Analytica! 
methods, such as this mathematical model, do give the 
engineer a certain grasp of the problem— a conceptual 
control that is very advantageous in intelligent handling 
of it. But man-machine charting, in the vastly more 
competent guise of electronic simulation, may eventually 
prove the winner, 

That is not immediate, however, and man-machine 
analysis as currently done by charting can be improved 
by mathematics. This discussion has shown simple algebra 
in action on a purely systematic relationship and has 
dwelt at some length on handling a mixed situation 
partly systematic, partly random. Basic probability and 


‘This was handled by Mr. Bart Allen and Mr. Robert H 
Morris, Department Head, Seientifie Computing Department 
kastman Kodak Company 
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| 
/ 
12,3, 


sunple algebra can be used in the latter case—both within 
the easy grasp of practicing industrial engineer. These two 
approaches to these two aspects of the man-machine prob- 
lem joi with the third approach—probability or servo- 
mathematics, to the third aspeet—-the largely random 
behavior, And the industrial engineer has a highly effective 
attack on man-machine productivity problems—a mathe 
matical attack that makes an immeasurable improvement 


over the traditional man-machine charting. 


REFERENCES 


1) Came, GD, “Bounding the Solutions of Practical Queueing 
Problems by Analytical Methods’’, Operations Research for 
Vanagement Vol. IL, edited by J. F. MeCloskey and J. M 
Coppinger, the Johns Hopkins Press, Baltimore, Md, 1956 

rin) W Probability Theory and Its Applications, John 
Wiley and Sons, New York, 1950 

Feoven, RO “The Assignment of Operators to Service 
Automatic Machines’ Journal of Industrial Engineering 
Rept. Oet. 1955 

(4) Jonws, W. Dare, “Simplified Incentives for Multiple Produc 
tion’, Advanced Management, June, 1950 

5) MIT’ Summer Courne in Operations Research, Technology Press 
Massachusetts Institute of Technology, Cambridge, Mass 
1055 

(6) WK. Research Report on Interference 
Delays in Multiple Machine Assignments’’, Transactions of 
the SAM Time Study and Methoda Conference, New York 
April 1955 


JUST PUBLISHED 


INDUSTRIAL 
ENGINEERING 
HANDBOOK 


Editor-in-Chief, H. B. MAYNARD, 
President, Methods Engineering 
Council. 1510 pages, 6 x g, nearly soo 


illustrations, $1 7-§° 


A broad practical, and authoritative treatment of the whole scope of 
* industrial engineering and its procedures and techniques. All prac- 
tices of the field are explained, from long accepted techniques such as 
time and motion study to such developments as automation and linear 
programming. Both procedures used directly by the industrial engineer 
and related ones such as quality control and tool and gauge design are 
covered; also human and industrial relations and technical problems. 


Written by 75 specialists, from a factual and how-to-do-it approach, 
and in concise, readable form, the book forms an invaluable reference 
and methods book for the engineer and for managers and administrators 
concerned with industrial engineering problems. 


ORDER FROM 
Journal of Industrial Engineering 
225 North Ave. N.W. 
Atlanta 10, Georgia 


Announcing . 


AN IMPORTANT NEW BOOK— 


HANDBOOK OF 


Industrial 
Engineering 
AND 
Management 


Edited by W. G. lreson and E. L. Grant 


A complete reference book for the industria 
engineer, manager, businessman and student on the 


Cross-referenced and fully illustrated, there are sec- 
tions on: structure of business organization, mana- 
gerial economics, engineering economy, manpower 
management, motion and time study, factory sys- 
tems and procedures, industrial climatology, tool 
engineering, industrial safety, inspection and quality 
control, and many others including a section by 
Wm. Gomberg on The Trade Union Attitudes To- 
ward Industrial Engineering Practices. (Text edition 
available in quantity). 


1208 pages. 6” x 9”, double col. $16.00 


Send for Your Copy NOW! 


Journal of Industrial Engineering 


225 North Ave., N. W. 
Atlanta 10, Georgia 


NAME 
fields of activity commonly considered to be part of 
industrial engineering. There are 17 sections in all. ADDRESS 
Each section is complete in itself and is written by 
an outstanding authority in the field. city STATE 
164 THE JOURNAL OF INDUSTRIAL ENGINEERING Volume Vill, Number 3 


| 
K 
TR 
worm 


A Graphic Method for Finding Required 
Number of Time Study Readings 


By B. L. Hansen* 


Ordnance Management Engineering Training Program 


One of the questions a time study engineer frequently 
finds himself confronted with is “How many readings of an 
element should I take to get accuracy?” It is insufficient 
to say “accuracy” alone since he must be concerned with 
“how much” accuracy is desired; so it is conventional in 
practice to place these accuracy limits at + some per- 
centage of the average. 

Currently, there are popular systems in use which give 
an estimate of the number of readings required based upon 
a single range between the highest and lowest readings in a 
series of readings of an element. While these systems no 
doubt are adequate in many situations, it is a well estab- 
lished fact that a single range by itself is a notoriously 
poor statistic for estimating dispersion especially so in 
large samples. The proposed system is no more diffieult 
than those presently in use and is much more accurate, 
especially when erratic readings occur. 

The system proposed below makes use of the average 
range of small subgroups of a sample in the construction 
of a graph for finding the additional number of time study 
readings required after taking the initial study. Let us say 
we have taken a dozen readings. The sequential procedure 
is as follows: 

1. ‘Take an initial sample of 12 readings of element time. 

2. Sum the readings. (2 symbol for the summing 

operation ) 

Divide the readings into four subgroups of 3 each in 

the order taken. 

. Compute the range of each subgroup. (High minus 
low) 
. Sum the four ranges. 

Compute the quotient of the ratio sum of readings 

to the sum of ranges. (ZYXN/ZTR) 

Locate the computed ratio on the horizontal seale of 

Figure | and read N’ off the curve which contains the 

desired accuracy. The obtained value of N’ is the 

total number of time study readings required to 
assure the accuracy desired, Note: There are curves 
for accuracy of 45% and +10% of the average. 

These curves give 95% assurance that the true time 

study average will be within these + accuracy limits. 

The rationale for their development is contained in 

Addendum 1, 


* Presently Director of * Management Research, National 


Institute of Management, Ine., in Cleveland, Ohio 


May-June, 1957 


The specific advantages of this system are: 

1. An extreme reading is given less weight, therefore, 
the system is more accurate than the single range 
svstem, 

Required computations are simple and may be per 
formed quickly on the spot, 

3. The system is simple, graphic, and eye appealing. 

4. The chart could be reduced in size and superimposed 
on & portion of the time study rating form. If this 
were done, the constant presence of this system 
would do much to insure that the time study man 
would take the required number of readings. 


Ix / 
Kia. 


An example of the required computations and use of 
the curves follows: 


Let us suppose that the following listed time study 
readings of an element have been made. The required 
computations of 2X and ZR are performed as shown: 
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Keading Kanges 
\ 
\ 

\ ol 
\ 
\ 

\ O7 
\ O7 
\ 

\ 
\ 
\ 

\ Ol 

Th = .06 

V5/.06 = 15.5 Y= 95/12 = .079 


Consulting Figure | for accuracy of 45%, 25 readings 
are required, This means that 1 additional readings are 
required, These must be taken immediately since this 
system assumes a homogeneous sample. If accuracy of 
£10 is satisfactory, enough time study readings have 
been taken and it may be assumed that at least 05% of 
the time the true average time of this element would be 
between +10 of the sample average. For this example, 
10° of the average confidence limits would be placed at 
O70 + 10 0.079) or at O87 and O71. It must be remem 
hered that use of Figure | requires that a dozen readings 
be taken and that these dozen readings be broken into 
subgroups of Seach. Use of any other sample and subgroup 
sizes than these would require the building of other 
specie curves 

Should such be desired, substitution of the proper con 
stunts in the rationale on Addendum | would enable thei 
construction. Since, in many plants, it is common practice 
totake an initial study of 10 readings, a reasonable approxi 
mation of the required number of readings may be ob 
tamed by splitting the 10 readings into 5 subgroups of 2 
each, performing the required computations and reading 
N’ off the curve containing the desired accuracy 

For illustration, using the first 10> readings of our 
78 and the 
§ 7805 15.0. A 
VNTR value of 15.6 gives a corresponding N’ of 25. 


example, the sum of the first 10> readings 


sum oof the 5 ranges 


It will be noted that the curves terminate at an N° of 
140. The chotee of a termination point was arbitrary in 
the sense that out of an infinite number of termination 
points, 140 was chosen. Nonetheless, a termination poimit 
had to be selected, and in practice, itis likely that the 
savings In aecurney Obtained by taking an of, say 200, 
would offset by the cost of taking the readings 


but XY = and = where 
” “ R = average range 
d, = mean relative range 
2. - but = where 
we ni = number oft subgroups 
4. For subgroup sample size of 3, m = 1/3n, and dy) = 1.693 
(ZR 20n (ZR 
and 2X = 
20m 4n(1.693) bn (1.693) 
60 ER 35.4 


1695 vn’ vu 


2 
= and no = 
vn’ ZX/ZR 


(for .05 level of significance, four subgroups of three each and 
" 1 degrees of freedom = 2.201, hence 35.44 = 7s 

6. Hypothesizing various values of ZN /ZR enables a curve of 
coordinates of N’ and 2N/ZF to be built for four subgroups-of 
three readings each 


Nove: The combination of four subgroups of three each was 
chosen as a good representative combination after many other 


combinations of 1 items and m subgroups had been examined 


N’ 
6 169 
61 
12 12.2 
M4 31 
23.7 
Is IS 
15.2 
22 12.5 
44 1.5 


7. The same rationale may be used for building a curve for kof 10 
Setting 1OX = 


th 


10n 


1.693) 


(ZR 17.7 (ER 
and DN = = 
1605 vn’ vn’ 
and = tforn | degrees of freedom = 2.201 
vu 


A curve for k of 10 and for 4 subgroups of 3 each may be built 
from the following coordinates 


\ 
Addendum 1 
Problem: To find number of time study readings which will give 5 60.7 
05% confidence that true mean of the time study is within 4X 6 12.2 
lo’ 31 
Vu 
constant aton 1 de 15.2 
grees of freedom and 12.5 
level of significance 10.5 
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Assignment Problem—A Special Case 
of Linear Programming’ 


By Richard EF. Beckwith 


Statistical Laboratory, Purdue University 


and Ram Vaswani 


Ope rations Research Group 


The simplex and distribution (transportation) methods 
of linear programming (1) are being increasingly used for 
solving problems in industry. There are, however, some 
special problems of the linear programming type which 
also have many industrial applications and which are 
mnportant in their own right. One such problem is the 
assignment problem. In this paper we shall indicate the 
usefulness and application of a technique, developed by 


blood, for solving the assignment problem (2, 3) 


Introduction 


As an illustration of a situation where the assignment 
technique is applicable, consider the following simplified 
example 

The highway maintenance department of a township 
has n(n 2 3) road repair crews which it wishes to assign 
to nw different repair jobs. There is a different but known 
cost associated with the assignment of each crew to each job 
The problem is to assign one crew to each separate job in 
such a way that all crews are assigned and the total cost 
of the assignment is minimized, ; 

This type of problem can be translated to many other 
industrial applieations. For example, it might be required 
fo assign nm pieces of material handling equipment (each 
suited in a different way to perform different Jobs) to 
jobs so as to minimize the total cost or time or distance 
traveled 

Assignment problems could also involve the maximiza 
tion of a criterion, Thus, it might be required to assign 
n available persons to perform m jobs in such a way that 
each person is assigned to one, and only one, job and the 
total production (Using an appropriate criterion such as 
standard man-hours) is maximized. Here the assumption 
is that the effectiveness of each available person for each 
job is known. 


\ case involving m facilities and n jobs has n/ possible 


For a more detailed discussion, see Vaswani, R., “The Assign 
ment Problem’ in Introduction to Ope rations Research, C. W 
Churchman, R. LL. Ackoff, and k. L. Arnoff (eds John Wiles 
& Sons, Ine., New York, 1957 


May June, 1957 


The Ohio State University 


arrangements for making the complete assignment. ‘Thus 


for and denoting 


1, if facility 7 is assigned to job) 


0, otherwise 


tables I(a) through 1(f) indieate the six possible assign 
ments (solutions). These tables are called permutation 


matrices? 


Permutation Matrices 
All Possible Solutions For n = 3 


Table 1 (a) Table 


Job 
Facility bacility 


Table 


Jub 


* As is customary, zeros have been omitted from these 
mutation matrices 


THE JOURNAL OF INDUSTRIAL ENGINEERING 


rs 
an 
! 2 ! 
2 | | 
4 | 
Table fe) Table (d 
Job Job 
bacility bacility 
2 2 4 
| 
2 2 
4 
Job |_| 
bacility bac ility 
| 
4 ! 
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Certain characteristics of these permutation matrices 
might be noted. In each matrix only one element in a row 
is unity and all other elements are zeros. Similar remarks 
apply to elements in columns. This is so because the 
condition of our problem stipulates that each facility 
should be assigned to one, and only one, job and each job 
should be performed by one, and only one, facility. 

If we have a cost matric which gives the cost associated 
with assigning facility 7 to job 7, we could “cost”? each of 
these six solutions and choose the minimum-cost solution. 
However, for even moderate values of n this way of solving 
the problem, by enumerating all possible solutions, be- 
comes impractical, For instance, for n 20, the total 


number of permutation matrices is 
20) 2,452,902 ,008 176,640,000. 


No modern electronic computer would be able to solve 
this optimal assignment problem by the simple enumera- 
tion method within reasonable time. 


Mathematical Model 


We shall now develop a mathematical model for the 
assignment problem using the following notation: 
index of facility ( 
index of Job Pe 
Cost associated with assigning facility 7 to job 7, 
with the a,, real numbers, not necessarily bounded 
Cost miatrix 
1, if facility is assigned to job) 
0, otherwise 
Permutation matrix 
1 Total cost of complete assignment 
The assignment problem requires finding values of the 
r,s subject to condition such that 


Which minimizes 


j=l 


blood has shown that this assignment problem is a 
special case of the distribution problem of linear program 
ming (2). Hence it eould be solved by using algorithms 
Which are appropriate for solving the distribution problem. 
llowever, special and efficient techniques, called the 
Hungarian Techniques, for solving the assignment problem 
have been developed. These techniques are based on the 
following two theorems 


Vheorem Is! If the elements of a matrix consist of zeros and 


non zeros, then the minimum number of lines that contain all of 


‘This theorem was proved by the Hungarian mathematician 
Wong in (see ref. 5). Henee a technique for solving the 
assignment problem which makes use of this theorem is called 
“The Hungarian for the Assignment Problem.”’ 
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the zero elements is equal to the maximum number of zero ele 
ments no two of which lie on the same line. (In this theorem, a 
line means a row or a column 

Theorem If: If from a matrix A = a; , we obtain another 
matrix D by means of the transformation 

di; = ai; uy 

with vu, and v, arbitary constants, the optimization problem in A 
represented by conditions 1, 2, and 3 is identical with that in D. 


Flood’s Technique 


Kuhn was the first person to use these two theorems 
for developing a technique for solving the assignment 
problem (6). Flood’s technique is also based on these two 
theorems and offers the futher advantage that it reduces 
the cost matrix rapidly and results in a substantial saving 
in time (3, 4). 


An outline of Flood’s algorithm is given below: 


(i) Step 1. Examine the columns of cost matrix A, identifying 
the smallest element (= in each. Form a new matrix 
1,’ by replacing a; with 


=a 


vj, fori,y = 1 


This new matrix will contain at least one null (zero) element in 
each column 

(ii) Step 2. Find a minimal set of lines, S;’, that includes all 
null elements of Ay’. Let be the number of lines in If ny’ = 
there is in Ay’ a set of vn null elements, no two of which are in the 
same line, and the elements of A in these n positions constitute 
the required solution 

For example, by applying step 1 to matrix A in Table 2, we 
obtain matrix A’ (Table 3). A possible set of lines to inelude all 
null elements in A’ consists of columns 1, 2, 3, and 4. This set 
consists of four lines. However, the minimal set of lines, which 
in this case has but two lines, consists merely of rows 3 and 4 
Hence S;’ = |rows 3,4] and = 2 

It might be noted that in some problems the set S,’ will not 
be unique 

(iit) Step 2". If ny’ < n, examine the rows of A,’, identifying 
the smallest element wu; (= min, ay") in each. Form «a new matrix 


A, = ' by means of the transformation 


This matrix will contain at least one null element in each row and 
in each column. 

(iv) Now follow step 2 as before. If ny = n, there is in A, a set 
of n null elements, no two of which are in the same line, and the 
elements of A in these n positions constitute the required solution 
Cycle (1) 


TABLE: TABLE. 3 


Vatric Vatriz A’ 


Facility Facility 
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| 
i 
, 3 
a; = a,’ 
(3) 
: 
Job Job 
1 2 4 4 1 2 4 4 
2 4'10| 8/6 
Min, a, 3 4 6 1 


v) Step 3. If ny < n, let Ay denote the smallest element of A, 


not in any line of S;. Subtract A, from each element of A, not in 
S,, and add A, to each element that lies at an intersection (if any) 
of lines of S;; call the resulting matrix A» 

Check by means of step 2 if nm = n 

vi) If not, repeat the eyele until at some eyele k (where k = 
L. 2. my = n. Then matrix Ay, will give the optimal so 
lution as in (iv) above 


The accompanying flow diagram (Figure 1) indicates 
the technique with individual steps. 

It might be noted, parenthetically, that steps 1, 2’, 
and 3 follow directly from theorem IL according to which 
replacement of a,, by d;,, where 


d, a, u, 

with uw, and ev, arbitrary constants, does not change the 
optimization problem (for a detailed explanation, see 
ref. 7). 

\ desirable feature of Flood’s algorithm is that it is 
self-corrective in the sense that if at any stage we make 
an error in selecting the set S,, such that nm is greater than 
the minimal number of lines required to cover all zeros 
(but less than #) in matrix 1,, the computations are not 
thereby invalidated. This type of error will automatically 
be corrected in subsequent stages. 


Illustration 


The application of Flood’s optimal assignment technique 
will be illustrated by means of the following example: 


Motrix A *Cost Motrx 


Motris A 


No 


Motria Ay 


Motrix A, 
Optimal 
Solution 
(Output) 


Motrin A 


Optimal 
Solution hes 


(Output) 


hic. 1. Flow Diagram Showing Flood’s Optimal Assignment 
Algorithm 

Cycle from Step 3 to Step 2 until at the earliest cycle k (where 
k takes on positive integral values), ne, 4 = n. Then matrix 
Ay » will give the optimal solution(s 

Note: Input to and output from Step 3 for the k-th eyele are 
matrices Ay and Ay respectively 
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A paint factory has ten identical manufacturing units 
(numbered 1 l,-->, 10) and ean therefore process 
simultaneously ten batehes of paint. It has orders 
for manufacturing ten different paints (numbered 
= and although these ten paints are all 
similar in the sense that they require the same processing 
time, they differ with respect to qualities such as color 
which necessitate that each paint be manufactured by a dit 
erent unit. The cost of processing any of these paints is the 
same regardless of the unit on whieh it is manufactured, 

However, before a paint is manufactured on a unit, if 
is necessary to clean or convert the unit to make it suitable 
for the particular bateh: of paint which is to be manu 
factured. This cost of eénversion would include the cost 
of cleaning the vats and kettles and will depend upon the 
color and quality of paint that was manufactured on the 
unit before the conversion and on the paint which is to 
follow after conversion, If the paint that preceeded is 
exactly the same as that which will follow, the cost of con- 
version, variable with the assignment, will be zero. 

We can now construct cost matrix A (Table 4) in which 
each element a, represents the cost of conversion if units 
is converted to make it suitable for manufacturing pait 
j. Thus we see from matrix A that if paint 14 is assigned to 
unit 3, the conversion cost will be $139, for example. 


TABLE 4 
Vatrix A 
Dollar Cost of Conversion 
Paint No 
Unit No 
12 14 M4 18 16 17 


577 551 996 GIS 620 699 246 
716 640 699 706 697 983 557 
737 (205) 313) 139 706 326 S20 
557) 270 666 1200 
533 860) «653 992 351 146 564 
131 315 1033 242 645 768 364 
262 930 S78 OAL 440° 579 
662 428 S70 SONS 401 540 
354 520 | 985 753 348 IN] (237 
303 946 773 451 
vy = Mim ay; 262 205 270 (139 300 (120 (237 


Subtract from each element of column (7 = 
to obtain matrix A,’, 


The problem is to assign units to paints in such a way 


that the sum of manufacturing costs is minimized, Since 
the processing cost for each paint is assumed to be the 
same regardless of the unit on which it is manufactured, 
the problem is really to assign units to paints such that 
the sum of conversion costs is minimized, 

We now proceed to apply Flood’s optimal assignment 
technique. 


‘ For convenience, 7 has been given values 11 20 instead of 


1,---> 10 so that the rows and columns of the matrices can be 
referred to as lines 1, 20 
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at 
{ 
Inpul 19 » 
$28 761 GOS 
162 | G17 423 
Step | 283 | 502 257 
SOO 035 
546-203 634 
Step 876 1001 S20 
Solution neo a? Ho 254 
277 | 540 
Motrin Ay 505 227 585 
Step 2° 790 (274 
277 | 203 «254 
Motns A 
2” 
No 
Motris A 
Motrix Cycle 
Yes Step 2 
Recycle 


TABLE 5 
feduced Matrix A 


Paint 


440 452 O27 628 712 606 679 

» 27) 484 855 380) 0 


6 169 108 7645 104 346 639 127 500 70s 566 105 


i 0 725 SO2 471 4Ol 442 172 77 0 

400 224 612 740) 462 O 337 

16741 242 G44 46506 «62 «194 522 

*** Todieates lines of 

3.4.5.7, 8,01." 

Subtract from each element of row 


to matrix A 


Step 1. In order to obtam matrix Ay’ (Table 5), we find 
the mintmum element 7, in each column of matrix A and 
write tin the row below matrix A. kor instance, 1; 262, 
ry 205, ete, We now subtract 262 from every element 
in column PL, 205 trom every element in column 12, and 
“ooon, and obtam matrix A) whieh has at least one null 
element every column 

Step 2. “Phe number of lines which can cover 
all zeros matrix six. Sy’ Hines 3,4,5,7,8, and 
and ny’ < n. the optimal solution matrix his 
not been reached, 

Step 2". Since ny’ n, we find the minimum element 
uv, in each row of Ay’ and write it on the extreme right 


ade of Ay’. Thus ay’ we’ 169, ete. We now subtract 


TABLE. 6 
Keduced Matrix A 
Paint * 
| S37 TIT 42 345 
eee 352 527 0 628 712 606 670 *** 
271 664 383 S54 «17 «327 260 
5 245 536 1) 695 165 
7 (725 308 802 371 401 342 (172 77 
$24 715 O14 318 | 24 331 
Ww 21 72 ATH 42 174 " 
Tndieates lines of S 
Ss 3.4.5, 7, 04, 07, Sl: wy " 


“a 

Add Stoeach element at the intersection of lines of S; (elements 
Be. 14 Us and subtraet 5 from each element 
that is notin S; to obtam 
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9 trom each element of row 1, 169 from each element ot 
row 2, and so on, and obtain A, (Table 6). The resulting 
matrix will have at least one null element in each line 

Step 2”. The minimum number of lines which ean cover 
all zeros in matrix Ay is 8. Hence the optimal solution ma 
trix has not been reached and we proceed to step 5 

Step 3. We find hy, the smallest element of Ay, ignoring 
5.) We 


add 5 to each element at the intersection of lines of S, 


all elements covered by lines of S,. (hy a, 


and subtract 5 from each element of Ay not in S; to obtain 


A» (Table 7). 


TABLE 7 
Reduced Matrix A 


Paint No 
Unit No 
| SOL 332 712 770 207 556 O 37 5AM 345 
4 280 261 255 SOS 214 GSO 200 
4 75 15 5 207 6 OSU 
30 452 542 0 0 633 712 696 OSE 
271 (4 42 «17 352 260 
655 22s 531 24491 690) 465 
7 0 725 SO7 371 347 172 «77 
Ss 223 612 7415 SO S62 BOS 0 337 SSS 
319 710 614 24 7 0 313 19 
16 7160 217 «GIA A471 7 
*** Indicates lines of S 
Se = {4, 11, 12, 14, 17, 18, 19, 2D}; n " 
a 


Add 17 to each element at the intersection of lines of Sy and 
subtract 17 from each element that is not in S» to obtain A 


TABLE 8 
Reduced Vatria 


Paint No 
Unit N 

SOL 332 695 770 280 539 387 544 345 

2 280 261 238 BOS 197 665 151 240 0 
4 75 O Ww 5 380 ISO) SSO 
oes 16 S60 549 0 0 650 720 713 *** 
5 271 664 366 SSS) 25 332 260 25 
ee 63S () 211 514 24 491 600 463 *** 
7 0 725 201 SO7 354 284 4347 172 77 

223 5905 745 72 SAS 0 337 SSS 

S7 S10 695 O14 7| 30 0 313 19 33) 

Ww 16 716 2OO G14 497 0 


*** Indicates lines of S 

(3, 4, 5, 6, 7, 17, 18, an 

h = 4 

Add 4 to each element at the intersection of lines of S. and 
subtract 4 from each element that is not in S) to obtain A 
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Min 
i! 2 14 16 17 19 My 
a » om on iJ 
1 315 446 726 770 570 % 5) 
i} 
4 
| 
eee 


TABLE. 9 
Reduced Matrix Ay 


* Indieates lines of S 
wv 


Add 3 to each element at the intersection of lines of 


ibtract 3 from each element that ts not in S,; to obtain A 


We repeat steps 2 and 3, starting with matrix A., until 
we reach matrix A, (Table 10), wherein ns 10 n. 
The optimal solution matrix has now been reached. This 
optimal assignment is indicated by the symbols [0] (to 
be read as independent zeros) in matrix As. This assign- 
ment is also indicated in Table TL. 

Notice that since our assignment in Table LO has been 
selected from zero elements, no other assignment can 
be cheaper than the one selected. Also, according to 
theorem TL, the minimization problem represented in ‘Table 


TABLE. 10 
Reduced Matriaz 
Final Matrix 


107 


*** Tndicates lines of S 

S, = (11, 12, 13, 14, 15, 16, 17, 18, 19, Dj; nn, = 10 (=n 

Henee the optimal solution may be obtained from the set of 
null elements in A... The optimal assignment has been indicated 
by 
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10 is identical with that in Table 4, the minimum-cost 
solution in ‘Table 10 is also the minimum-cost solution 
with respect to Table 4. 

It is worth noting that for this example there are 


10! 5,028,800 


possible arrangements of assigning ten units to ten batches 
of paint The conversion cost of each of these possible 
arrangements will be between the minimum cost of S2641 
and the maximum cost of S8771, with only one assignment 
at each extreme, because both the minimum-cost and the 
maximum-cost assignments are unique. (This can be 
seen, for the former case, from Table 10, in which there is 
but one set of independent zeros.) The maximum-cost 
figure of $8771 is obtained from a problem related to that 
which has been exhibited and corresponds to the worst 
possible assignment. Computationally, the finding of the 
maximum cost consists of nothing more than finding the 
minimum “cost” assignment when the matrix of conversion 
costs, A a,, , is replaced by the new matrix B A 

a,, . (To make the elements of B into non-negative 
numbers, it then suffices to add the constant 1035) (the 
largest clement in the matrix 4) to each. (This procedure 
is clarified below.) The assignment resulting in maximum 
cost is given in Table 12. From the foregoing discussion it 


TABLE, 


Vinimum Cost Assignment 


Unit No Paint No Cost of Conversion (§ 
246 
125 
205 


270 


Total cost = 7 


TABLE. 12 


Varimum-Coat Assignment 


Unit No Paint No Cost of ¢ 


Total cost 
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Paint No 
12 14 1 1 1s n 
207 328 691 766 276 535 O 37 SAO B45 
2 276 257 234 34 193 650 151) 236 
“oe 175 0 5 380 180 301) 10 380 12 *** 
oe oO 0 0 654 |713 |*** 
5 271 366 SOS 25 O 336 273 0 3280 
oe 0 63S 211 514 28 495 690 467 *** 
725 201 SO7 354 (284 351 176 | 77 
306 219 SOL 74l 6S S41 30S 0 333) 
SS 315 610 1313 | 15 
12 712 196 610 450 497 o 0 
‘ h, 
\ 
| 
q 
4 
| 
) 
13 |_| 
14 
7 
Is 277 
Paint No FC 2041 
{ tN 
1 ! 14 1s 10 
4 325 GSS 763 274 | 532) [0] 37 540 | 345 
im 360 549 0 0 657 | 736 716 | 708 aversion (8 
5 271) 3660 25 330 276 3 | 302 
303 216 SSS 73S 65 338 3OS SRS 
SO 312) GSH 607 0 0 15 
Is S76 
13 
10 MS 
S771 
17] 


can be seen that any method or procedure that does not 
guarantee the selection of an optimal solution will result 


ina total cost somewhere between the above two figures. 
Special Applications 


There are many special cases of the assignment problem 
three of which are briefly mentioned below. The reader is 
relerred to Vaswani (7) for a more detailed discussion of 
this topic, 

1. The problem of assignment might involve a maximiza- 
tion criterion, For the sake of concreteness, we shall 
consider a case of profit maximization. Here, we start out 
with a profit matrix C each element ¢,, of which represents 
the profit to be earned by assigning facility 7 to job j, 
Next, we convert matrix C into matrix B b,, by means 
of the following transformation: 


h,, Max (¢,,) for all (4) 


where, 


Max (¢,,) The maximum element in matrix € 


Using matrix 2 as our initial matrix (ike the one referred 
tows the cost matrix A in this paper), we can apply Flood’s 
optimal asagument technique and proceed exactly as in 
the miniunization problem, 

2. ‘Technological, legal, or other restrictions might pro- 
hibit the assignment of a facility to some specific job. Such 
a restriction can be taken care of by setting the pertinent 
element, say the (, 7) one, 

a,, M, (5) 
Where Mis an arbitrarily large positive number. Compu 
lationally, the addition to, or subtraction from V7 of any 
finite number results (effectively) in MW 

4. The number of available facilities m might exceed 
the number of jobs m to be performed (m n). In such 
a case, the cost matrix can be made square by introducing 


@ HOW FOREMEN 
CAN CONTROL COSTS 


n — m columns for dummy jobs and by associating zero 
cost with the assignment of each facility to each dummy 
job. The technique for solving this case is the same as that 
discussed above with the exception that step 2’ will be 
eliminated. 


Concluding Remarks 


Many analytic techniques exist for solving the optimal 
assignment problem. One such technique developed by 
Flood (which belongs to the class of techniques commonly 
known as the Hungarian Method) considerably reduces the 
computational work, with respect to more general 
techniques, 

The usefulness of the optimal assignment technique 
arises In many situations such as the setting up of assembly 
lines in mass production, making schedules for machines 
(especially those requiring large setup times) in job shops, 
assigning personnel to jobs, and setting up sound stages 
for shooting sets film studios. 
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An expert on the subjeet, Phil Carroll, shows you 
exactly how to take on cost control problems—and 
solve them— at all levels in the plant or shop. Fore- 
men, supervisors, engineers, timestudy men—all can 
use these specific facts, data, and methods to get on 
top of cost problems in quick order 

Starting right at the front-line supervisory level, 
this Library points out the foreman's responsibilities 
for costs-gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating 
waiting time, serap, and so on 


Timestudy techniques and applications 

From the ABC’s of timestudy, this Library leads 
you step by step through the standard-setting proc- 
esses. Complete, practical explanations cover the 
entire timestudy procedure—how and where to start, 
building standard data, applying standards, and 
maintaining a complete incentive installation 

A full explanation of the total-conversion-cost 
method of control gives you tested means of boosting 
profit and plugging cost leads 


Order your Library from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atlanta 10, Georgia 
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A Manager Appraises Operations Research’ 


By R. A. Norman 


Vanager- Marketing, Cathode Ray Tube Department, General Electric Company 


Although this paper is entitled “A Manager Appraises 
Operations Research” it is more accurately an appraisal 
of Operations Synthesis. [t briefly recounts the conceptual 
background to a study conducted in conjunction with 
Professor Andrew Schultz, Jr. and his staff at Cornell 
University, the purpose of which was to construct a model 
of a business and to explore some applications of the 
model. As such, it can only be considered a first step, but 
a very necessary step, toward Operations Research. 


The Term “Operations Synthesis” 


Operations Synthesis may be considered as the applica- 
tion of the systems concept to a business, By dictionary 
definition, “synthesis” is “the putting together of parts or 
elements so as to form a whole” or “a whole made up of 
parts or elements put together.” To “synthesize” is “to 
bring together into a whole by synthesis” or “to form by 
bringing together separate parts.”’ As applied to an opera- 
tion or a business, synthesis is an attempt to create an 
analogy of the total business or system in terms of the 
individual elements or functions which go to make up the 
total system. 

A business may be considered as a complex system for 
getting certain work done. In most cases, it may be con- 
sidered as a continuous process, operating in a closed loop. 
To take a simple example, in a manufacturing business, 
raw materials are purchased, transported to a factory, 
processed into a finished product, moved through distribu- 
tion channels and sold to a customer, whose money is 
used to start the whole cycle over again, or more properly, 
sustain the entire ceyele, with the fond hope, of course, 
that there is some money left: over for the owners. The 
entire system is made up of a number of functions: not 
only the physical flow and processing of the material, but 
also the acquisition, delivery and storage of the raw mate- 
rial, the ereation of a desire to buy on the part of the eon- 
sumer, the distribution of the finished stock, and all of 
the other work that makes up a business. All of these efforts 
are combined to finally deliver the product to the point 
of use, realize a value for the work performed, and regener- 
ate the evele. 


Operations synthesis is directed at determining what 


*Prepared for the Industrial Engineering Seminars at Cornell 
University, June, 1956 
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the various functions of the system are, how they coutrib 
ute to the total, how they are interrelated and interact, 
More than that, it is directed at defining the individual 
elements precisely — preferably mathematically — in terms 
of the total system, so that they may be evaluated and 
understood, and so that the probable effeet of a change ot 
the individual elements on other elements and on the 
total system may be gauged. In essence, it is an attempt 
to understand the basic nature of a business system; with 
such an understanding it is then possible to bring inte 
play the techniques of research to indicate better ways 
to accomplish the end purpose of the system, 


Scope of the Paper 


The following is a discussion of an effort that was ds 
rected toward analyzing and synthesizing business 
system as an entity. The study is discussed along the 
following lines: 

1. The nature of the problem, 

2. The initial difficulties encountered in attempting: to 

solve the problem. 

3. The development of new concepts for approaching 
the solution of the problem. 
1. The final development of a model of the business. 
. The conclusions drawn from the model, 
). Some conclusions as to the general application of the 
concept developed in the study. 


The Nature of the Problem 
The Business Studied 


The particular business under consideration is the 
cathode ray tube business; that is, the design, production, 
and marketing of television picture tubes. The principal 
raw material is the glass envelope. In addition, a number 
of metal parts are purchased and assembled to form the 
electron gun. ‘Tubes are produced by depositing a phosphor 
sereen on the surface of the bulb, vaporizing an alumimnun 
backing on the sereen, applying inside paint, baking the 
bulb, sealing in the gun, evacuating the entire assembly, 
and finally, finishing the tube with a base and outside 
paint. 

There are two primary markets for television picture 
tubes. The sale of tubes for use in original equipment is 
characterized by high volumes of a relatively small number 
of different types, delivered to relatively few locations on 
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a highly seasonal basis. The sale of tubes for replacement 
use is characterized by a large variety of types, sold 
through distributors and service dealers all over the nation, 
again on a highly seasonal pattern. In recent years, the 
use of “trade-in’’ bulbs, that is, the glass envelope from 
a worn-out tube, has become a significant factor in the 


replacement market 


The Problem 


‘The decision to restudy this business in itself assumed 
that the system could be restructured to perform the 
total funetion more efficiently. The initial question was 

Hlow can the same net service be performed with less 
work? Hlow can the product be delivered to the customer 
for less cost?” 

The obvious first pomt of attack would be to assume 
that one or more of the individual funetions is bemg per 
formed ineflieently. This approach assumes first that the 
management of the function is less than effeetive and 
second, that the group performing the study is capable of 
better understanding of the funetion than those directly 
responsible. Although either or both of those assumptions 
are not untenable, for purposes of the study it was assumed 
that specitic functions were performed effectively within 
the frame of reference in which they were operating. In 
other words, the relative efhiereney of the individual fune 
tions Was accepted as given; the study addressed itself 
to the structure of the organization and the relationship 
between funetions 


What to Change? 


even under this assumption, it became evident first 
that the possible areas for change were altogether too 
numerous for “trial and error’ handling, and secondly, 
that no specific change could be evaluated Independently 
of the rest of the system 

\n illustration will serve to point up the problem: The 
cose of inventory poliey. Tn the first place it is necessary 
to determine whether mVventory control is or is not an 
Hnportant part of the total funetion of the business. [na 
supermarket, inventory control may be an extremely 
Hnportant fanetion. Such a business is primarily concerned 
with having the right goods available in the right place at 
the right time; inventory is a primary function, Manage 
ment effort must be directed toward controlling this fune 
Hon, On the other hand, in the turbine business, where 
products are manufactured to specific order, finished 
stock inventory is a problem of a different order. Manage 
ment effort is directed toward design and production 
ethereney. The funetion of the business, the service per 
formed, is basically different. Hence the first question may 
well be, what are the important funetions of the business? 
How Hiportant mventory coutrol? Where does it fit in 


the general scheme of things? Should considerable effort be 
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spent on it, or should it be relegated to a secondary 
position 

Assuming that inventory control is an important fune- 
tion of the business, it then becomes necessary to deter- 
mine the extent to which other elements of the business 
can be sacrificed to achieve a satisfactory inventory 
policy 

Here we are faced with a whole series of factors. From 
the marketing standpoint, the ability to serve customers 
must be preserved, but at the same time, the cost. of 
warehousing must be gauged. From the manufacturing 
standpoint, short-runs, set-up time, the variety of products 
in the shop at one time must be minimized. From the 
employee relations standpoint, lay-offs and training time 
must be minimized, Engineering wants to preserve the 
ability to refine developments and bring out new products 
without risking the obsolescence of finished goods in stock. 
Finance is concerned with capital tie-up, as well as other 
carrying Costs 

One normal approach to this problem is to develop an 
inventory policy based on experience and, sometimes, on 
the relative immediate domination of manufacturing or 
marketing problems in the organization. Then an estimate 
or a budget is constructed dealing in this policy along with 
a number of similar policies to finally create a total repre- 
sentation of the business. If the net result is unsatisfactory, 
it is adjusted until a more satisfactory result is developed 
Occasionally, two or three complete budgets miay be con 
structed, each based on different) policies, in an attempt 
to determine the most productive direction, but normally, 
this is a monumental task. Ideally, it would be desirable 
to construct twenty or thirty or more budgets, each re- 
flecting a different course of action or combination of 
courses of action. From these, we could begin to develop 
a feel for some of the possibilities open to us, a feel for the 
relative balance between elements of our business, and 
establish plans and policies on a more logical and rational 
basis. 

When the problem of studying our total business was 
examined, we were faced with exactly the sort of problem 
discussed above, except that it was not restricted to in 
ventory control; it involved essentially all possible courses 
of action. We were convinced there was a better way to 
operate the business; that the same total function could 
be performed for less cost. There were a number of possible 
avenues of approach, possible combinations of manutac 
turing and distribution policies, which offered a chance to 
improve the efficieney of operation. The number of such 
possibilities, however, was almost unlimited. Hence, the 
traditional approach of constructing total budgets of the 
entire business for a number of choices and combination 


of choices was completely impractical 


How to Approach 


It became necessary to develop some sort of technique 


that would permit us to determine 
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1. Where changes in the system might be possible, 


practicable, and productive 


2. How much change could be expected in a given area, 


What counter-effeets such changes might have. 

If such information could be developed, the number of 
possible points of attaek could be narrowed down and 
effort concentrated on the areas which could be expected 
to be most productive. Thus, with some indication of the 
interactions involved we could intelligently set about the 
task of balancing and optimizing changes for the maximum 
Impact on the results of the total system, 


The Initial Investigation Work 


It Space permitted, it would be interesting to review in 
detail the initial work that was done on the project. For 
fully six weeks, a wide variety of blind alleys was explored, 
all of which produced precisely nothing as far as specific 
answers were concerned, The experience was very valuable 
because out of it the concepts were developed which led 
to, first, bemg uble to state the problem, and second, i 
means of adequately describing the business in terms of 
function. A brief review may be helpful in fully under 
standing the final results 


Problems of Re lationship 


early in the study, it became evident that existing 
accounting records were inadequate for the purposes of 
this work, and perhaps it would be worthwhile to discuss 
some of the reasons why traditional accounting is inade- 
quate. To begin with, the Eleetro Motive Force that keeps 
the whole system going is profits, and these are usually 
expressed in dollars. This has led to the use of dollars as a 
medium of expression to describe the funetions of a busi 
ness system. Obviously, there can be no basie quarrel 
with this, provided it is remembered that dollar cost 
figures are symbols for funetions and not the actual funetion 
or work effort itself. Accounting is concerned with ae 
cumiulating these symbols and combining them to represent 
the net effeet of a series of functions. This study was 
concerned with isolating and differentiating between fune 

This was precisely the sort of difficulty that developed 
in our initial attempts to attack our problem. When we 
attempted to evaluate the cost of serving different markets, 
we found our results confused by differences in plant 
operations. When we attempted to compare different 
plant operations, we found our results confused by product 
or market differences 

hor example, two tubes of the same type, sitting in a 
warehouse, represent for all practical purposes, identical 
items. Their source of manufacture, the difference in the 
distance they traveled to get to the warehouse and all of 
the other factors that preceded their arrival at the specific 
point at the particular time (assuming no quality differ- 


ences) does not create any differential in value at that 
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point. Accumulative cost systems may state two entirely 
different values, but for practical purposes, no differentia 
tion exists. Similarly, their ultimate destination has no 
effect on what they are at that point. One may go to a 
replacement user, at a higher selling price and with higher 
selling and distribution costs. The other may go to an 
\t the 


point when the tubes are sitting side by side in the ware 


equipment manufacturer for iistallation ina set 


house, this makes no difference in their value or thei 
identification, 

If we were faced with but a single or a few such “cross 
over” ports, our problem would not be so diffieult, but 
in practice such cross-over points occur repeated|y 
throughout the entire system. For example, glass breakage 
in our plants is an ever present problem. Again assuming 
no quality differences, glass breakage as fanetion 
independent of the price of the bulbs or the way in whieh 
it Was transported to the plant and must be treated sep 
arately. From the accounting standpoint, and for that 
matter, from any other standpoint, it is important te 
know that ten dollars is invested in a glass envelope when 
itis broken. On the other hand, if that ten dollars includes 
anextra two dollars that could have been avoided by bet 
ter transportation methods, this has no relationship to 
bulb losses. As a practical matter, the extra two dollars 
would make a reduction in bulb losses appear even more 
attractive than it would normally be, A bulb loss is a faet 
hy itself, and the transportation cost of a bulb is a taet 
by itself. The two are interrelated, but they are separate 
funetions. Confusing the two leads to a variety of false 
conclusions When we attempt to analyze functions 

Accountants, however, are concerned with building 
costs to an end point and in order for them to do this, 
they must consider the total loss at the point where the 
breakage occurred, Their position is, of course, valid, in 
that when the bulb was broken, everything that had been 
spent on it to that point was lost, regardless of whether 
the costs up to that point represented an efficient expendi 
ture or not. This approach does not tell us, however, 
whether efforts should be concentrated on improving 
transportation Costs, bulb costs, or bulb losses. Tt is con 
ceivable that in order to get lower bulb costs, we might 
want to take a little more breakage, but this then gets 
into efficiency of manufacturing equipment utilization and 
a number of other problems 

These illustrations should serve to show the kinds of 
difficulties we came into as we worked with our normal 
accounting records, Tt was almost impossible to separate 
the individual functions of our business, and to express 
them independently. We kept working closer and closer 
to the central idea: the business is a system of work Lune 
tions, a mechanism for doing certain work. Lt can be 
analyzed in terms of how well it performs that work. With 
a full understanding of the functions to be performed, the 
relative contribution of individual functions, their iter 


relationships, we have the opportunity to re-design the 
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system to operate with greater efficiency. Costs are a 
valuable means of describing work functions, but they 
must be recognized as symbolic representations of work, 
and not realities in themselves. This is particularly impor- 
tant when we begin to add costs together and combine 
deseniptions of different work functions. 


The Development of a New Approach 
A Schematic of the Business 


As these thoughts began to crystallize, and as we began 
to realize that the records at hand would not produce the 
required results at least in their existing form —we 
decided to approach the problem in a new way. Our first 
step was to lay out the functions of our business in the 
form of a flow chart in whieh we attempted to deseribe 
in browd terms what actually goes on in our business. We 
started out with various material elements that we pur 
chase, The next step was the movement of those materials 
from the orginal source of manufacture to our plants. At 
the plant, the materials are unloaded, inspected, stocked, 
and started on the manufacturing line. We continued this 
sort of analysis through processing, finished stock, ete., 
until the goods were finally delivered to a customer and 
our money came back to us. Obviously, a chart of this kind 
can be carried out in greater or lesser detail as the need 
warrants. In our case, because of the time limitations, we 
laid it out ina rather simple form, but in sufficient detail 
to cover all the major functions of the business, all product 
lines, and all customer classes. Basically, it was a schematic 
diagram of the entire business, 

brom this chart we were able to split out, with a fair 
degree of clarity, the separate functions of the business. 
We developed a list of some fifty different elements, each 


with a potential further breakdown by market or customer 


class and by the eighty odd types we produce, Our criteria 
for the separation of elements was primarily based on 


how they were caused or created, and controlled, 


Statement of Functions 


We then went through the list and attempted to define 
and deseribe each one in terms of how it could be measured. 


hor example, starting with our raw materials, we took 


bulb costs, As LT mentioned before, this is an important 


element in our total costs. Bulbs are bought on an estab 
lished price basis, with prices varying by size and shape. 
Our total bulb cost for a period would be a funetion of 
the total quantity of each type to be produced times the 
price tor the bulb for that type times a constant to cover 
bulb losses in processing. The next element might be the 
transportation costs involved in moving the bulb from the 
vendor's plant to our plant. This would be a funetion of 
the quantity of bulbs by size times the weight for each 
size times the freight rate between the two points. (This is, 
of course, a simplified definition of this element, but we 
need not concern ourselves with the other variables at 


this pomt.) The next element might) be receiving, 
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inspecting and stocking the bulbs at the factory. This is a 
different sort of element. Actually it is not directly related 
to the quantity of bulbs shipped in at all. A receiving and 
inspection station is set up to handle some sort of a peak 
load condition and the costs of maintaining that station 
carry on over a period of time regardless of whether the 
bulbs come in or not. Hence, these costs are a function of 
time rather than quantity. When management makes the 
decision to provide the ability to handle a certain peak 
load condition for a period, the costs are established and 
continue until management decides to change that ca- 
pacity. At the same time, although there is no lower limit, 
there is an upper limit to what the station can handle; 
hence, it is important to know what that upper limit is 
and, if we are to measure the efficiency of the system, the 
degree to which the capacity is actually used, 

In the same fashion, we proceeded through the entire 
operation. We took each element and attempted to define 
and describe it; how it was created and how it could be 
changed, Obviously, this led us into considerable refine- 
ment of our original flow chart and segregation of elements. 
It is important to note that as I have described them so 
far, these elements have certain definite characteristics 
lor example, they are both independent, and at the same 
time interdependent. The cost of bulbs and the transporta- 
tion charges on bulbs have no direct relationship. At the 
same time, both functions are influenced by the quantity 
of product flowing. The functions of receiving, inspecting, 
and stocking of bulbs are again independent of the price 
of bulbs or the cost of moving bulbs in. If we have two 
plants located at different distances from our source of 
supply, the accounting cost of bulbs received at each plant 
may be considered to be different because of transportation 
differences. The functions of receiving, inspecting, and 
stocking, however, are independent of this difference and 
should be roughly equivalent (or of equivalent value to 
the end product) at both plants. 


The Development of the Model 


As we completed our definition of elements, significant 
patterns and forms began to emerge. First, it beeame evi 
dent that we were dealing with three general types of 
elements, secondly, we were running into a considerable 
repetition of data between elements, particularly with 
respect to common or at least interdependent multipliers, 
and thirdly, we discovered a significant amount of data 
which could be stated with fair precision. 


Classification of Functions 

Considering the three general types of elements, we 
found a number which we defined as quantity or volume 
multiplied by a certain cost. Other elements we defined in 
terms of time: that is, a continuing cost over a certain 
period of time. Still a third group required a definition in 
terms of both quantity and time and, in some instances, 
distance of movement. Hence, we broke our elements 


down into three major categories, as follows: 
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Product. We considered product as the elements 
which flow through the system. They are the elements 
which the system works on and which are, in one 
form or another, ultimately delivered to the con- 
sumer. In total, they are a funetion of volume. For 
purposes of definition, we treat them in terms of a 
unit. An example of a product element in our business 
would be the glass bulb. For every tube we deliver to 
a customer, at some point of time, we must have 
acquired a bulb. In one way of looking at it, product 
may be considered to be a funetion of design, 

Facility. We considered facility as the system itself, 
the organization, the manufacturing equipment and 
all the other elements that go to make up the business, 
Facilities are, by definition, a function of time; they re- 
main constant over a period of time, regardless of the 
volume of product flowing through them, It is not 
enough, however, to define facilities simply in terms 
of time. They are a function of management decision, 
Management decides to set up a facility to do a spe- 
cific job or to have a certain capacity. Once the 
facility is set up, it continues for a period of time 
until management decides to change it. It is impor- 
tant to know what the limitations on changes are, In 
the case of a major facility a manufacturing plant, 
for example the time interval may be quite long, 
usually a matter of years. In the case of a specific 
production sehedule, the direct and indirect labor 
manning that is so established may be subject to 
change in a relatively short period, a matter of weeks. 
It is only in knowing these limitations that we can 
determine how much latitude for change we have, and 
What we can do to meet changing situations. The 
second important requirement in the description of 
facilities is the capacity of each element. As men- 
tioned before, a facility is set up to do a certain job; 
by definition, it continues in existence over some 
period of time regardless of whether it is actually 
used or not. If we are to achieve actual maximum 
efieiency, the facility should be used continuously 
at capacity throughout the period. This, of course, 
is rarely possible. If we are to determine the over-all 
efficiency of the system, however, it is necessary to 
know the capacity of each element of facility and 
the extent to which that capacity is used, or con- 
versely, the degree to which that capacity is wasted. 
Flow. Vhis was considered as the element of move- 
ment of product through facilities. It involves the 
idea of the rate of movement, the distance of move- 
ment, the number of starts and stops, the duration 
of interruptions of movement as, for example, in 
inventory requirements. It includes, of course, the 
unportant concept of demand, that is, the actual 
quantity requirements at the output end of the 
system which, in many respects, determines the 


requirements throughout the system. 
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Repetition of Terms 


This last category was, of course, that which led us to a 
recognition of the repetition throughout the system. We 
found, as we worked through our flow chart, that we were 
continually working with quantity factors which, while 
not identical and subject to a variety of breakdown, were 
nevertheless all interdependent and interrelated. Actually, 
they were all derivatives of our output figures. By de- 
veloping the proper coeflicients and coupling them to 
certain flow characteristies, we could automatically de 
velop the entire flow pattern for the entire system for any 
given output over a specific period of time, 


Predictalility of Functions 


As we began to develop this general pattern, we came 
into the third important area: a vast amount of the data 
required to describe our business system had practically 
no information content at all. Por example, once we listed 
our selling prices for each type in each market, we could 
forget about them. We were no longer concerned about 
them; we were concerned only with the multiplier, the 
volume figure, which is, of course, the real variable. This 
is not to say that we could not or would not consider the 
impact of a change in selling price, but such a change is a 
single class of data and need not concern the rest of the 
system. Similarly, once we had listed the purchase price 
of the glass envelopes for each type (and note that end 
markets have no effect on this) we could forget: them. 
Again we were concerned about) the multiplier the 
volume requirements, which, of course, was dependent on 
the output figure. 


The Model 


At this point, we were ready to put the entire picture 
together in the form of an algebraie model. | do not think 


it is necessary to go into a detailed discussion of the expres 


sion of this model or the way it was programmed for the 
computer. Essentially, this process, while important, ts 
the “erank-turning” step, and is secondary to the concep 
tional step. 

Suffice it to say that a model of the business was pro 
duced, programmed for a punched card computer, This 
model expressed each element of the business individually 
in its own terms and in terms of its relationship to the 
entire system. It provided for carrying volume require 
ments, facilities elements, and product factors as inde 
pendent statements in such a way that variations in any 


one or any combination could be introduced as required, 


The Conclusions Drawn from the Model 


Basically, the model accomplished the following: 1 it 
permitted us to analyze the functions of our business in 
terms of relative importance and sensitivity to change, 
and 2 it gave us a working tool to experiment with possible 


changes and to measure the impact of such change 
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Differences Between Businesses 


lat us look first to the analysis of the functions that 
make up our business. We found first, that in terms of 
function, we were considering two separate DUsTesSes 
(1) the replacement business, and (2) the equipment busi 
ness. In the replacement business, we were serving a market 
that stretches across the entire country, wherever televi 
son sets are in use, Our market is created when a television 
“et breaks down, particularly when the pieture tube fails 
The owner calls ina repairman who finds the cause of the 
difficulty, He is not simply a retailer of replacement tubes; 
he is a serviee technician, Whose job is to find out what the 
difficulty is and to fix it. The set-owner must rely on him, 
and thus, this service dealer is our real customer for tubes 
In order to adequately serve his customer, he must be able 
to get the particular type of tube that is required for that 
wt; he must get it quickly and get it installed in the set, 
“othe owner can have his set back in operation. Our job, 
working through our distributors, is to have that particular 
type of tube available when he wants it. In addition, when 
it is considered that the worn-out tube is traded in on the 
replacement tube and as such, is an important source of 
raw material, it is fairly evident that the whole logistics 
problem the business of transporting tubes from the 
factory to the pout of use, of maintaining adequate but 


hot excessive stocks of all types of tubes, of moving dud 


bulbs back to the point of use is an important part of 


the funetion performed in the replacement market 

Contrasting the equipment market with the replacement 
market, we find a quite different situation. Tnstead of a 
large variety of types, we find but a few types in style at 
any one time. Customers are few and centrally loeated 
Orders are for thousands of tubes of a given type, rather 
than a few tubes of a variety of types. Shipments are 
scheduled out in earload lots, pallet packed, rather than 
LT. LL. single packed 


Functions of Kach Business 


With the help of our model, we were able to break down 
the individual funetions for each market with some, of 
course, that were unallocable to either and which had to 
he carried by the total business. It was then possible to 
look at each one in termes of susceptibility to change, ana, 
more in terms of its relative importance as a 
part of the total funetion performed in serving each market 
bor example, even though we assume that the labor cost 
of processing a tube for the replacement market and the 
equipment market is exactly the same, as a per cent of the 
total funetion, it may vary quite significantly. For example 
(and these figures are purely hypothetical), labor as a 
part of total in the replacement market may amount to 
10°, but in the equipment market, it may amount to 
or more, This, in itsel’, is not without significance. Lf, 
however, we begin to eliminate some of the elements 
Which cannot be changed, this difference may be extremely 


significant, For example, in our business, worrving about 
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basic material costs (excluding material losses) is largely 
a waste of time. As I mentioned before, pricewise it is a 
standard item, competitively priced in the open market 
It is, and must be, a standard design item. For every tube 
sold, we must buy at least one bulb, just like our competi 
tion. Short of going in the glass business, there is little we 
can do except collect the money from our customers and 
give it to the glass supplier. As such, basic material costs 
are a constant. [It is just a substance that happens to flow 
through our system and offers little opportunity directly 
to us, as tube makers, for change. (Admittedly, [ have 
oversimplified this problem somewhat, but for our pur 
poses of the moment, the general thought will suffice) 


Avenues of Change 


Taken in this light, the relative importance of labor, as 
a possible avenue of change, takes on a totally different 
light. On that basis, perhaps in the replacement market, it 
may become 20% of total, but in the equipment market 
may goto 40% of the total susceptible to change. In that 
light, we can begin to throw the two systems into their 
proper perspective 

In actually piecing our business together, we found that 
the primary areas for improving the system for the replace 
ment business were in distribution. The elements of trans 
portation, Warehousing, handling, and inventory control 
were primary targets. We found it was necessary to recog 
nize the basie requirement for extreme flexibility in manu 
facture and special handling of dud glass, to the extent 
that certain sacrifices in manufacture were involved; in 
other words, we might tolerate higher manufacturing 
costs in order to get better distribution costs 

In the equipment market, the problem was quite dit- 
ferent. The total area susceptible to change was less, 
accentuating the importance of each individual element 
In examining this problem, we found that here our greatest 
contribution was in manufacturing and this was chiefly in 
the work that our facility performed. Basically, we have 
a big equipment installation; the efficieney of our total 
system Was largely dependent on the efficiency with which 
we used this essentially fixed facility. Our problem here 
was largely one of good loading, long runs, limited variety, 
and peak operating efficiency; factors which were, to an 
extent, opposite to those operating in the replacement 
mnarket 


A “Dream” Statement 


Obviously, there were many other elements in both 
markets that required attention and study. We were able, 
however, to get some insight into the relative importance 
of each of them, the possibility of change, and where they 
fit in the over-all picture. Then, through the use of the 
model, we were able to test them individually and in com 
bination. Finally we attempted to construct a complete 
new model of the business, sing the same terms as we had 
used in our deseription of the existing business, but tar 
loring the structure so as to best suit the specifie require 
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ments of our markets. Essentially this was a “dream” 
set-up. It reflected how the business could be set up to 
meet the existing situation and was not limited by consid- 
erations of the structure as we now know it. A detailed 
comparison of this with our present business not only 
gave us a measure of the potential of the business, but 
also pomted out the specific areas of weakness in our pres 
ent structure 


‘ariables 


\s | mentioned earlier, up to this point we worked within 
specific volume requirements and under present market 
conditions. The next step, then, was to begin to vary those 
requirements and to introduce future possibilities. At this 
point, we introduce extremely important unknowns. Ob- 
viously a device of this kind is not gomg to predict the 
futures, nor is it going to make Inahagement decisions. It 
does, however, lend itself to providing information as to 
What might happen under a variety of future circumstances 
or management decisions. For example, the elements that 
will be affeeted by a change in volume had been isolated, 
Hence, it is a relatively simple problem to introduce a 
condition where volume is down orup by ten or twenty 
percent. By making another run through the computer, 
we can determine what results could be expected under 
such conditions and begin to concern ourselves with what 
counteraction or correction would be required to keep the 
system in balance. The problem of a change in mix is 
always a difficult one, but if we have properly designed 
our model and defined our terms, we can measure this 
sort of impact. By properly breaking down elements, we 
‘an segregate those items that are truly affeeted by mix 
ona funetional basis, and those which remain constant 
regardless of mix 

Similarly, we were able to measure the effect of manu 
facturing losses. This, of course, is a complex problem in 
that it not only results in out-of-pocket losses, but also 
limits the efficiency of the facilities elements of the busi 
ness. bor example, if losses can be reduced, we can effect 
not only a direct saving, but also can increase output and, 
assuming the market can support it, arrive at a higher 
level of over-all efficiency. By introducing a series of 
to possible loss reductions, we can measure 
these results and get some indication of the amount we 


could afford to expend to achieve these results 


Some General Conclusions of the Study 


hor obvious reasons, will not go into the specific 


results of our study. In general, we were able to draw these 


conelusions 
1. We were not operating one DuUsINeSS, but two distinet 
businesses, tied together by a common technology 
In the replacement business, the problem of distribu 
tion Was of primary importance, to the extent that 
manulacturing considerations could be subordinated 


to some degree 
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3. In the equipment business, the problem of etlicient 
utilization of the manufacturing facility was of pri 
ary importance, to the extent where even certain 
marketing policies might be subordinated, 

From this point on, we were able to ereet some new 

guide posts in re-establishing our objectives and plans for 
the future. 


General Conclusions as to Business Models 


What are the general conclusions we can draw from all 
this? What is the general applicability of such a method 


of approach? In my opinion, it is not only a very valuable 


Inanagement tool, but, as our business system grows in 
complexity, it will become an absolute necessity, We have 
already reached such a degree of specialization of funetional 
development and training that some device is sorely 
needed to bridge the gap between sales, engineering, manu 
facturing, and all the other functions; a device that wall 
provide mutual understanding of the common purpose and 
the interrelationship of functions, 

Specifically, the “systems” approach to a business, the 
development of a model of the business provides the 
following: 

1. A better understanding of the business: its purpose, its 

functions, and its meaning. On the surface, this seen 
a fairly simple thing. In actuality, it is far from sim 
ple, and as we get further away from management 
and deeper into the “doing” part of the business, 
the total concept becomes more obscure to individual 
functions, and sometimes more important to its suc 
cessful operation. We have a great need for manu 
facturing to better understand the needs of the 
marketing function; to appreciate, for instance, that 
the lowest manufacturing cost is not always the best 
business policy. We have a great need for engineering 
to more fully understand the needs of marketing and 
manufacturing. Certainly we have a need for mar 
keting to understand the requirements of both 
manufacturing and engineering. Necessarily, any 
business system is a system of compromises; the 
problem of management is one of continuously 
maintaining the system in proper balance so that i 
performs its total function with maximum efficiency 
‘To do this, it is necessary first to understand exactly 
What that function is, and second, to understand the 
contribution that each element makes to the total 
function both with respect to the total and with 
respect to all other elements. 

An appreciation for the meaningful information im a 
business: system as differentiated from the data in the 
system. We all know that in examining a business, 
there is an immense amount of data available. | 
believe we are all dimly aware of the fact that the 
bulk of this data perhaps 90% or more has prac 
tically no information content. A relatively few con 
siderations fix the pattern for the business; the rest 
is automatically derived from them, 
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Let me try to illustrate this point — again on a some- 
what over-simplified basis. Within the framework of 
our long-range plans, once we have set up a sales 
forecast for a period and an inventory policy, we 
have, to all intents established the entire pattern of 
the operation for that period. From this information, 


we develop a production schedule automatically. 


hrom the production schedule, we develop manning 
requirements automatically, and so forth. In other 
words, in establishing our sales forecast and our 
inventory policy, we have set into motion a long 
series of automatic actions, decisions, and limitations. 
brom that point on, assuming that the sequence of 
events and limitations is understood throughout the 
operation, there is no real requirement for further 
information or decision, Things do not happen at 
random; they happen according to a natural pattern, 
I strongly suspect that we, as Managers, spend 90% 
oloour time worrying about decisions which are not 
or should not be matters for decision. We should 
concentrate our efforts only on those things that are 
not fixed by pattern; the things that can happen at 
random or that we can control 

An analogy, to this business of knowing what ts and 
What is not significant from the decision-making 
standpoint might be found in the automobile. Not too 
many years ago, we had to make a fairly large number 
of decisions when we drove a car. We had to advance 
the spark, pull out the choke, throw out the cluteh 
and start the car. Then we had to put it in gear, 
engage the cluteh, and accelerate to the proper 
speed. We did all this by sound and feel and it repre- 
sented an important part of driving a car. Actually, 
of course, all of these decisions were subsidiary to 
the general decision that we wanted to move forward, 
Over the years, we have seen these decisions so recog 
nized and mechanisms built up to remove the neces- 
sity for making them. We now make the decision to 
start the motor by turning a key and to go ahead by 
putting it in gear and accelerating. The car “knows” 
when we start the motor, we want it to keep going. 
If it needs choking, it automatically provides it. If 
it needs more power, it automatically shifts. These 
things are no longer subjeet to decision and, as a 
practical matter, the ear does the job itself a lot 
better than we used to do it, 

The general approach which we are discussing is a 
means of segregating these different kinds of decisions. 
The decision to go ahead in a car is important; this 
we reserve to ourselves. The decision to shift gears 
is Hot important; this we do automatically. 

As | said before, | believe we, as Managers, operate 
at about LO efheiency; 90° of our time is spent in 
fiddling with shifting gears, choking the motor 
sometimes dropping the fuel in the carburetor, when 
we should be concerned with the next bend coming 
up in the road. If we can determine what is impor- 
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tant -what decisions really affeet the business — and 
what is or should be automatic response, we have 
some opportunity to do something about it and at 
least get to 20% efficiency. The first requisite is being 
able to differentiate between the decisions that are 
significant and those that are automatic or semi- 
automatic, and hence, insignificant. 

A mechanism for planning and controlling a business 
system. The model of the business, in addition to 
providing a basie understanding of the business and 
a means of distilling the information content, also 
provides an important planning vehicle and a control, 
or at least a feed-back mechanism. Looking first at 
the problem of planning, we have the opportunity 
of first determining the areas where decisions are 
important, and secondly, of measuring the impact of 
an entire range of decisions quickly and easily. In 
planning our operations, we often start out with a 
particular sales goal. We all know that the goal is not 
going to be met perfectly to the last dollar and cent. 
It has a margin of error, and part of our job is to 
minimize that margin of error. equally important, 
however, is recognizing what that margin of error 
may be and determining what will happen (or what 
should happen) if the full error is actually realized. 
Suppose our business is relatively stable and we can 
predict our sales within plus or minus 5% or LO%. 
Hlow should we plan our operations; on the low side, 
on the high side, or on the nose? To get an accurate 
appraisal, we should run out perhaps all three points 
and determine what the relative risks and rewards 
are. Similarly, throughout the entire structure we are 
dealing with a limited number of unknowns. If we 
fully appreciate what those unknowns are, where and 
how they affeet the business, and, of equal impor 
tance, where they do not affeet the business, and we 
have a quick, economical means of doing it, we can 
run a series of plans and from them develop an 
optimum. 

equally important, however, is the use of such plans 
as a measure of performance. Here we introduce the 
possibility of feedback and control. Having selected 
a particular course of action, we have the opportunity 
of continuously measuring each function of the 
business against that plan. As deviations creep in, as 
certainly they must (and the deviations are the 
really important elements of control), we can meas 
ure their impact, determine what freedom of action 
we have, and make the appropriate adjustments to 
maintain the proper balance throughout the system. 
In other words, this can become the automatic shift 
that puts the system in high gear at the right time, 
or switches to low when the hill gets too steep. 


Conclusion 


Today we are just beginning to appreciate a few of the 
possibilities of automating the business of running a busi- 
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ness. If we carefully examine the system as a system, we 
find that there are vast areas that are, in the final analysis, 
mechanistic responses to a relatively few important specu- 
lations or decisions. We have tremendous opportunities of 
ordering our data and our communication system in such 
a way as to effectively control our individual businesses 
and to introduce the feed-back systems necessary to that 
control. The surface is just being seratched, and much 
remains to be done 

Going back to our automobile analogy, there was a day 
When the understanding of what went on in a reciprocating 
engine was very difficult and esoteric, Today, most of us 
are reasonably familiar with this kind of a system. The 
designers have developed change after change that has 
simplified and improved the business of driving a car. Most 
of the old levers and pedals are gone. Some of us mistrust 
these developments, but on the whole, they are today 
practically standard equipment. 


In this field, we are at the stage of putting the first few 
models together. The possibilities are beginning to shape 
up, but the general understanding of what we are trying 
to do is still difficult and esoteric. | can fully appreciate it, 
if what | have had to say above is nonunderstandable 
Regardless of that, | would like to convey the thought 
that exploration of this field~ the automation of manage- 
ment can be a valuable and rewarding pursuit. [, for 
one, believe that it is inevitable. 

Our last thought: In the event that the idea of automa 
tion of management is frightening, let me remind you 
that it is merely a means to an end, Going back to the 
automobile analogy, the automatic chokes, automatic 
shifts, power steering, and power brakes, have been a 
material aid to the drivers with good judgment, but the 
drivers with bad judgment can still manage to smash their 
cars up With no trouble at all. 
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ot Technology, in collaboration with 11 other experts Provides the prospective user ot opera- 
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By E. H. Mac Niece, Special Representative in Europe, Johnson & Johnson. Distinctly unusual 
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of principles, then illustrates these principles with specific examples of effective applications 
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material on social and economic implications. This ts necessary, the author maintains, because 
successful forecasting, planning, and control depend on their correlation with human and eco 
nomic welfare. As in the first edition, the text includes chapter summaries, questions, discussion 
cases, and a master problem at the end of the book 

Featured in the second edition is material on automation, a chapter on specialization, stand 
ardization, and simplification, material on operations research, a section on level production, 
and a first-hand report on production engineering education and practices in Europe. 1957. 374 


pages. $8.25. 


SUPERVISORY AND EXECUTIVE DEVELOPMENT, 
A Manual for Role Playing 


By Norman R. F. Mater, University of Michigan; ALLen R. Sotem, University of Maryland, 
and Ayesua A. Mater. Provides an opportunity to practice human relations incidents in life 
like settings. The cases selected by the authors are realistic industrial problems the first time 
such conflicts have been presented in the role playing format. The volume ts also a carefully 
planned casebook, designed to stimulate the discussion and analysis of critical issues in human 
relations 

The incidents selected always highlight the basic principles of human behavior. About halt 
of them illustrate principles in management leadership, conference skills, ways of recognizing 
and dealing with feelings, and problems in group settings. The remaining half illustrate prin 


ciples of effective relations and mutual understanding between individuals. 1957. 330 pages 
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The MAPI Formula—Kstimating Function 
or Analytic Model 


By Harold O. Davidson 


Operations Research Office 


The stimulus for these remarks is R. B. Orensteen’s 
Topics on the MAPI Formula” in the November Decem- 
ber 1956 issue of this Journal (1). Orensteen observes 
(and others will doubtless confirm this) that semantic 
difficulties appreciably interfere with an understanding of 
the conceptual basis of the MAPT Formula. By showing a 
development of the MAPL Formula through the orthodox 
minimum cost formula, in Part | of his paper, he provides 
a more straightforward approach to the problem than 
most industrial engineers will find in Terborgh’s discussion 
(2), This is & positive contribution 
Part 2 of the Orensteen Paper contains an excellent 
demonstration of how obsolescence may be taken into 
account implicitly in the rate of return or in capital re- 
eovery periods or it sulvage values to produce essentially 
the same results as the MAPLE Formula. Here again the 
approach of this paper seems more conducive to a clear 
insight into the matter than is provided by some previous 
discussions. Part 2 of this paper also endeavors to answer 
certain erties of the MAPLE Formula and then finally 
undertakes support of the conclusion that “it is the ‘best’ 
approach to equipment analysis currently available.” 


While there is much to be said for Orensteen’s appeal to 
pragmatisn in countering the MAPI critics, his answer 
appears to have been achieved more through an imperfect 


apprehension of the erities’ position than through a demon- 
stration of the fundamental soundness of the MAPI 


concepts, Tt is proposed in the following discussion to set 


up a conceptual framework in which both the MAPI * 


proponents and crities’ positions can be clearly defined and 
the merit of each position be assessed. It is too much to 
expeet that this effort will end all argument, but it is hoped 
that it may permit further discussions to be earried on to 
vreater advantage. 


Estimating Funetions and Analytie Models 


The provision of a quantitative basis for decisions on 
equipment replacement a problem prediction, 
Formulas used for making predictions may be categorized 
generally as “estimating functions.”” Within this general 
category of estimating functions there is a special class of 
estimating funetions which we shall call “analytic models.”’ 
We presently endeavor to define clearly the difference 
between the special class and the general category of es- 
timating funetions. At the moment we must establish the 
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importance of making this distinction by an assertion (to 
be supported later) that much of the confusion in argu- 
ments over the MAPI Formula is due to the fact that 
crities of the Formula have, for the most part, directed 
their skepticism to its validity as an analytie model. 
Orensteen on the other hand pleads that only validity as 
an estimating function need be established, although he 
contributes to the confusion by sometimes arguing in 
behalf of the Formula as though it were an analytic model, 
We have allowed ourselves to get this much ahead of the 
argument in order to suggest that an examination of basic 
concepts will be highly profitable. We return now to the 
definition of estimating functions and the special class of 
analytic models. 

The general category of estimating functions is perhaps 
already quite well defined with a statement that it includes 
all formulas used for predictive purposes. It is not neces- 
sary, for a formula to be considered an estimating function, 
that one be able to demonstrate an analogical correspond- 
ence between the formula and physical reality. That is, 
it is not required that each fundamental characteristic of 
the actual situation be identifiable with an abstract element 
of the formula or that relationships between abstractions 
in the formulas bear any analogical resemblance to rela- 
tionships between physical elements of the actual situation 
as we know tt. 

This point can probably be made clearer by means of an 
example. Consider the problem of predicting the relative 
frequency with which 10 or fewer heads will appear when 
100 coins are tossed. The familiar Normal distribution 
can be used as an estimating function in making this 
prediction, and it is known from experience that if the 
number of coins is reasonably large the predictions will 
be very good. Nevertheless, we cannot show a very good 
analogy between the physical characteristics of the real 
situation and the Normal integral. We may, for example, 
pick out an abstract element “x”? in the equation which 
seems to correspond with a number of heads to be expected 
in tossing a set of coins. However, we see that ‘x’ in the 
equation is a continuous variable, whereas the number of 
heads appearing in the physical situation must be a dis- 
crete number. The analogical correspondence between 
formula and reality is indeed not very great. 

This same example may be used to define the special 
class of analytic models that we spoke about earlier, for 
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the desired prediction on relative frequency can also be 


obtained by use of the Binomial distribution. There is an 
important difference, however, in that each abstract ele- 
ment in the Binomial formula can be shown to have close 
analogical correspondence with an element of the real 
problem. In the formula we find an “x’’ that is a diserete 
variable and “behaves like’? the number of heads in the 
real situation. We also find an ‘‘n’’ that we can relate to 
the total number of coins in the actual situation. And we 
find a third quantity “p" which seems to be the probability 
that any particular coin will come up heads. In this ad- 
mittedly simple and well-known example we can feel quite 
confident on a priori grounds that “x”? and “‘n” will behave 
in the formula as they do in the real physical situation. 
We would also expect, prior to empirical verification, that 
“p” will be essentially a constant for all coins as it is pre- 
sumed to be in the model. Further, we expect that for all 
practical purposes the value of “p”’ is 0.5. It is worth 
observing at this point that certain of the suppositions 
that have gone into the analytie model can be empirically 
tested without the necessity of verifying the entire model. 
We can, for example, test the constancy of “p” and if we 
should by some chance find it to be appreciably variable 
from one coin to another the model could be modified 
accordingly Geading us to adoption of the Poisson series 
instead of the Binomial distribution function). On the 
other hand there appears to be no way of validating the 
normal estimating funetion except by the full-scale empiri- 
cal investigation; or at least this would be the case if it 
were not for the familiarity of our illustrative problem— 
if it were not for the facet that the binomial analytic model 
has already been verified, and the normal distribution is 
known to be an estimating function for the binomial dis- 
tribution, 


The Argument on Analytic Model vs Estimating 
Functions 


It should be obvious at this point that the distinction 
between the general category of estimating functions and 
the special class of analytic models is not an original con- 
tribution of this paper. The concept is, in fact, central to 
one of the age-old arguments in the art of quantitative 
prediction. The designers of physical systems have in- 
clined heavily toward the use of analytic models for predic- 
tions, Whereas the designers of ‘socio-economic systems” 
have relied almost exclusively on estimating functions. 
Engineers and scientists concerned with realm of physical 
phenomena are as a rule severely skeptical of estimating 
functions, except where these functions serve as a means 
of obtaining approximate numerical answers to already 
validated analytic models (use of the normal distribution 
as an approximation to the binomial, for example). Among 
the advantages claimed for analytic models (with or with- 
out the auxiliary use.of estimating functions to obtain 
approximate numerical answers) as against estimating 
functions are: 
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1. ‘The development of these models promotes insight into the 
real phenomenon — promotes “know why" as against mere “know 
how.” 

2. As a general rule analytic models of highly complex phe 
nomena may be built up piecemeal with each part being validated 
separately at a rela’ vely modest seale of investigation. lstimat 
ing functions on the other hand must usually be validated in their 
entirety, and frequently ean be validated only by a very large 
scale investigation 

3. Predictions of the behavior of systems not yet constructed 
can be made with analytic models simply by inserting appropriate 
values of the fundamental parameters. But since parameters of the 
estimating funetion do not have analogical correspondence to the 
physical situation, predictions for situations other than those on 
which the estimating funetion was validated constitute a par 
ticularly risky form of extrapolation 

1. Because the analytic model attempts to achieve an abstract 
analogy with reality there is a requirement for logical rigor which 
does not exist in the development of estimating funetions, Tt is 
possible, therefore, for independent investigators to check the 
logical adequacy of an analytic model before incurring the expense 
of empirical validation, This type of examination is much more 
difficult with respect to estimating functions and defective logic 


more easily escapes detection 


The other side of the argument does not contest merit 
of analytic models, per se, but simply questions the fruit 
fulness of this approach in the design of socio-economic 
systems. The following claims are often made: 


1. There are many extremely complex problems for whieh 
there is no immediate prospect of obtaining analytic models 
The use of estimating funetions in these cases is dictated by 
necessity, 

2. The piecemeal development and verification of analytie 
models for physical systems is rarely applicable in socio economic 
systems because interaction effects between major variables are 
of considerable significance in the latter case although usually 
negligible in the former, 

The empirical validation of estimating funetions may in 
fact be simpler and easier than the verifieation of analytic models 
This is so because existing historical data may be adequate for 
validating an aggregated estimating function whereas the infor 
mation required to validate a detailed analytic model may necess 
tate establishment of an expensive data collection and processing 
system 


While it is clear from the foregoing discussion that there 
is merit on both sides of the argument, it is also clear that 
long-range progress in the basie and applied aspects of 
both physical and social lies in the direction ot 
analytic model development. This trend is especially 
accented in the case of the Industrial Engineering profes 
sion (see, for example, the paper by D. G. Maleolm which 
appears in the same issue of this Journal as Orensteen’s 
discussion) (3). It is not surprising therefore, that In 
dustrial Engineers are becoming increasingly familiar 
with the concept of analytic models, or that many of then 
should have this concept ino mind in examining a new 
technique. 

It also appears reasonable that one might take this 
point of view when it is suggested to him that the new 
technique will explicitly take obsolescence into account 
It seems altogether natural to interpret this as a representa 
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tion that certain elements of the formula behave 
analogously to the phenomena of obsolescence in the real 
vorld. It would not matter, however, if we were to advise 
all the interested parties, “this formula is an estimating 
function which incorporates certain explicit, but un 
alidated, assumptions concerning the nature and effects 
of obsolescence With the Industrial Engineering pro 
lesson exhibiting an actively growing interest in analytic 
models it is quite proper that all techniques, old and new, 


be examined from this point of view 


The MAPHE Formula as an Analytic Model 


In this examination we accept Orensteen’s position that 
Is inconsequential whether assumptions are arrived at 
by guessing or by some other means. Indeed, the develop 
ment of most successful analytic models has been char 
acterized by a large share of intuition (oe. guessing) in the 
ittal phases. With the concept of analytic models in 
mind, however, it is not possible to agree with Orensteen’s 
position that the question, How good are the assump 
is automatically disposed of by answering the 
question, “Llow good are the answers?” [t is entirely pos 
ble tora formula to give reasonably good answers because 
of fortuitous compensating effects within a set of poor 
aastiniptions; indeed, there have been instances im the 
history of Industrial Engineering where techniques have 
evolved through the addition of new assumptions to com 
pensate for the effeets of bad initial assumptions (e.g. 
“co discussion of the Barth-Merrick Fatigue Formulas in 
Chapter 4 of Reference 4). It ean be seen therefore that 
Insolar as the “question” pertains to the validity of the 
Formula as an analytie model it is Orensteen who 
begs the question by refusing to consider the validity of 
its bose assumptions, At the same time it should be clear 
in the light of previous discussion that while a successful 
defense of the basic assumptions would go far to establish 
confidence in the formula, the failure to defend these 
does not prejudice Orensteen's position on the 
usclulness of the formula as an estimating funetion. Since 
this does appear to be Orensteen’s position, in comparison 
to that of the erties who seek an analytic model, he could 
afford an admission that the assumptions are not realistic 
Which is not too difficult to demonstrate in any case 
The most obvious unrealism in the standard assump 
tions is the supposition that each succeeding improved 
machine has an operating cost lower, by a constant 
amount, than that of a new replica of the previous year’s 
machine. [tos a logieal consequence of this assumption 
that as the machines are improved year after year, even 
tually there is developed a machine which has negative 
operating cost which is of course absurd, This is not as 
apparent in Orensteen’s paper as it might be, since after 
eXplining the assumption the author incorporates its 
effect not as a decrease in the operating cost of the im 
proved machine, but as an equivalent operating cost in 
crease tor the old machine. While both treatments lead 
Ultimately to the same formula, the former clearly shows 
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the implications of the obsolescence assumption whereas 
the author’s line of development may leave the matter in 
obscurity for the casual reader. 

The assumption of “identical adverse minimums” will 
also be seen as unrealistic if one examines the operational 
logic of the argument. Unfortunately, Orensteen’s dis 
cussion on this particular point leaves the matter no less 
confused than he found it. His argument reads in part 


as follows 


In formula (10) we have determined gq for all future challengers 
to be the same as that of the present challenge, q The interest 
rate is to be assumed the same for all future challengers. There 
remains the adverse minimum and the acquisition cost. Terborgh 
chooses to fix the adverse minimum by his second standard of 
assumption. Since he assumes that the adverse minimum of all 
future challengers is identical with that of the present challenger 
it follows that they must likewise have identical acquisition 
Cost 

We are now prepared to answer the question of tautology. The 
two standard assumptions would be tautologieal had the acquisi 
tion cost been fixed by assumption. Without either an assumption 
regarding acquisition cost or adverse minimums, the presentation 
would be incomplete. With this in mind, Terborgh obviously 


prefers to fix the adverse minimums, thereby also fixing the 


ACQUISITION Costs 


The first sentence of the foregoing passage is not funda 
mental to the matter at hand, but it does illustrate the 
imprecise language in this part of the paper, The statement 
appears to say that the constaney of g is a consequence of 
formula 10, whereas it is perfectly clear in the preceding 
parts of the paper that the development of formula LO 
follows from a prior assumption of the constancy of g 
This same negleet of operational logic is manifest in the 
matter of “fixing” the adverse minimum, as against fixing 
the acquisition cost. Tt is interesting that the question 
Which must almost necessarily be faced in developing an 
analytic model has apparently not occurred to either 
Terborgh or Orensteen, namely: which is the independent 
and which the dependent variable? If one takes the point 
of view that the formula is not an entity in itself, but is 
intended te have some sort of analogical correspondence 
with the real world, it is apparent that one cannot in any 
operationally meaningful sense “fix the adverse minimums, 
thereby also fixing the acquisitions costs.” The adverse 
minimum is a derived abstract quantity, which emerges as 
a consequence of the definition of certain independent 
variables and the relations among them.! [It is clear there 
fore that no matter what is saz about “fixing” adverse 


minimums the logical operation actually performed here 


‘When there has been a proper sorting out of dependent and 
independent variables, the question of tautology becomes much 
simpler than Orensteen finds it. A reasonably careful application 
ol operational logic would also preclude the false inference that 
“these two standard assumptions would be tautological had the 
acquisition cost been fixed by assumption’. From the definitions 
of « (aequisition cost) and g given earlier in the paper, it appears 
that they are independent variables. If these are independent 
variables, and it would seem difficult: to prove that they are 


otherwise, tautology is impossible 
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Is ah assumption that acquisition Costs remain constant 
for all future machines. While this assumption is not 
necessarily false, purchasing agents would probably find 


on the basis of their historical experience that it is some- 


What unrealistic 

The two assumptions discussed above have been shown 
to constitute observable deviations from reality. However, 
the most serious deficiency of the MAP Formula as an 
analytic model on which to base “dynamie equipment 
policy’ is its implicit assumption as to the nature of 
obsolescence. Insofar as the MAPLE Formula portrays it, 
obsolescence consists in the development of new machines 
Which are improved, but “funetionally identical’ with 
respect to the old. From the standpoint of, say, a lathe 
manufacturer looking at his product line this may be a 
fairly complete description of obsolescence. There are 
many firms, however, for which this is but one of several 
kinds of obsolescence that must be taken into account in 
managing the investment in equipment. A machine may 
also become obsolete beeause of development of a new 
machine which combines its function with that of several 
other old machines. A machine may also become “effec- 
tively” obsolete because the entire process in which it is 
employed becomes obsolete. Obsolescence of a process 
may come about not merely because of the development of 
an improved process, but Hay also occur when a Hecessary 
change in product design dictates the use of a new process. 
The impact of product design changes on management of 
the equipment investment is potentially great any 
highly competitive consumer goods industry. It can be 
pointed out, for example, that when the automotive 
industry switehed to all-steel design the woodworking 
machinery formerly used in this industry suffered a type 
of obsolescence of which the MAP concept takes no 
cognizance. Because this concept of the nature of obsoles 
cence is far more difficult to modify in the MAP Formula 
than the assumption of uniformly decreasing cost of 
improved machines and the assumption of constant 
acquisition Cost tor future machines, it appears to be the 
ost serious limitation on the potential usefulness of the 


approach as a general analytic model 


The MAPLE Formula as an Estimating Funetion 

In the preceding section of the discussion we have sided 
with those erities who, looking at the MAPL Formula as 
an analytic model, have found little to praise init from 
this point of view. Had this examination encouraged 
belief that the MAPLE Formula might be a good analytie 
model there would be, a priori, an immediate presumption 
for reasonably good answers. Failing this test, the ability 
of the MAP Formula to produce satisfactory answers as 
an estimating tunetion comes into consideration as an 
independent question. Orensteen’s demonstration of the 
equivalence of the MAP Formula to older methods cer 
tainly shows that the answers obtainable by use of the 


MAPI Formula can be as good as those obtained by these 
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other methods. Moreover it) would appear that, as an 
estimating function, the MAPL Formula is not limited to 
applications ino which obsolescence conforms to com 
paratively narrow concepts adopted in development of the 
formula. To rationalize this one abandons the effort, such 
as ‘Terborgh and Orensteen have made, to give literal 
interpretation to the factor g and treats it as a purely ab 
stract device which can be manipulated to essentially the 
same ends as are achieved by varying the interest rate or 
capital recovery period in orthodox methods. Just how one 
goes about selecting appropriate values of g when it is 
regarded simply as an abstract device is not entirely clear, 
but a basis for the selection could undoubtedly be worked 
out. 

In certain firms it is possible that the problem of manag 
ing equipment investment is conveniently handled in terns 
of the formulation. It appears doubttul, however 
that many persons familiar with conventional methods 
would find it worth the effort to achieve facility with the 
conceptual rationalizations and the unique vocabulary of 
the MAP approach for the purpose of replacing ther 
established procedures, albeit they might find profit: tn an 
examination of the MAPT formula development 


Conclusions 


The intent in this discussion has been to avoid taking a 
categorical partisan stand for or against the MAPI 
formula; but rather to show the existence of several reason 
able pots of view and to indicate the positions to which 
they apparently lead on the basis of the existing evidence 
In particular we desire to avoid any suggestion that there 
should be a general endorsement or rejection of the MAVI 
formula or similar methodologies, such as Orensteen has 
recommended, His belief that “if the MAPL Formula ts 
adopted by reason of its support, there will be a contribu 
tion to national welfare” appears to be supported more ty 
enthusiasm than by a reasoned demonstration of how 
national welfare will be enhanced by universal employ 
ment of the MAPLE formula in preference to leaving the 
selection of methods in the realm of individual professional 
or managerial diserimination 


Summarizing 


The principle objective of this discussion has been to 
show that the MAPI Formula may be examined in two 
different frames of reference, and to suggest that recog 
nition of this difference in possible viewpoints ean. pro 
vide the basis for more profitable discussion. The distine 
tion suggested is between a general category of estimating 
functions whieh includes all) quantitative prediction 
methods and a more restrictive sub-class of this category 
called analytic models. When this distinetion ts made it 
appears that most fundamental eriticismes of the MAPI 
Formula have to do with its validity as an analytic model 
Examination of the approach indicates that the 
critics occupy a strong position on this question 

An opposing position has been argued by RK. Bo Oren 
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steen, one of the more lucid expositors and proponents of 
the MAVI Formula. Examination of Orensteen’s position 
indicates that he dismisses the question of analytical 
model validity (with an apparent lack of appreciation for 
its ment) and pleads his case entirely on the validity of the 
formula as an estimating function. The argument in sup- 
port of this position is sound, though it does not demon- 
strate conspicuous superionty of the MAPL Formula to 
more orthodox methods, An additional argument favoring 
universal adoption of the MAPI Formula has been 
offered by Orensteen, but in the absence of support for the 
contention it appears to have little bearing on the matter. 

Striking a balance on the current state of the MAPI 
hormula debate, it appears that proponents of the Formula 
can establish a good case for its practical validity as an 
estimating function whereas eritics can point out serious 
deficiencies as an analytic model, 
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I, OPPORTUNITIES 


Vrivate Placement Agencies are an excellent source of employ 
ment information that should not be overlooked, Some serve only 
won clearing house of information and others require excessive 
fees. There are many that provide a very useful function to the 
engineer aecording to his individual need. In many cases the fee 
is paid by the employer 


le 


Some of these services are: (1) Preparation of resumes, 
Counseling, vocational guidanee and career planning, (3) Select 
distribution of resumes to specific firms, (4) Coded availability 
listings in national publieations and bulletins, (5) Executive 
searches for special groups of individuals, (6) Publications con 
cerning employment conditions and industrial reports, (7) most 
local agencies have national placement contacts 

It is not for the Lo bk. Opportunities Service to recommend 
specific agencies. Information is available your telephone 
directory, newspaper classified advertising and teehnieal publi 

Contuet your Chapter Opportunities Service Chairman for the 
latest listings in the more complete monthly Bulletin. Information 
on Whom to contaet concerning specific openings will be sent per 
your request 

Companies, educational institutions and government agencies 
make known tous your Industrial engineering openings for coded 
listing in our monthly Bulletin 

This is a free service condueted for the benefit of the Industrial 
engineering Profession 

Direct your correspondence to Maleolm M. Kreske, PLE., 
Chairman, Opportunities Service Committee, American Institute 
of Industrial Engineers, Ine, Dept. OP, 145 North High Street, 
Columbus 15, Ohio 
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MEN AVAILABLE 


7 vrs. Management Engineering exp. in U. 8. A. Desires 
career position in foreign service of U.S. firm with produe 
tion operations abroad 

3O yrs. exp. in Consulting, Government Service, Chief 
engineer Technical Director, ete. Interested in top man 
agement position in the Mast 

I... education plus 4 yrs. machinist exp. Seeking a chal 
lenging Sales Engineering or Technical Representative 
position in the Kast 

BSIk. June 1957, Married, Age 33, Major USAFR with 
approx, 2000 brs. pilot time, 7 yrs. exp. as Air Force Safety 
Director. Additional exp. in Operations & Personnel 
Desire management opportunity. Salary $7500 


POSITIONS AVAILABLE 


Graphie Arts Co, Illinois, I... degree. Age 25-35. Coordi 
nator of manpower controls. Responsible for manning 
tables, organization charts & job descriptions concerning 
manufacturing depts. 

Machine Tool Co. Wisconsin. Le. openings in project 
engineering, standards, methods and time study. Salary 
based on contribution. Excellent growth opportunities. 
Civil Service. Post Office Dept. Minneapolis. New Indus 
trial engineering program in process requires [bos of a 
high calibre. Degree or equivalent plus 4 years successful 
and progressive experience required. Ability to organize, 
direct and coordinate major engineering projects with 
administrative leadership. Staff assignments for cost re 
duction programs regarding equipment, space manpower, 
work flow, material handling, work performance, facilities 
maintenance and produetion standards. $7730 & $8500 
Area assignments available in other regions 

Copper Co. New Mexico, Plant Industrial Engineer. Gradu 
ate [.fe. preferred under 45; must have Ik. experience. 
Knowledge of mining, milling, smelting, plant mainte 
nance, ete. helpful. To supervise and work with several 
[.h2.’s. handling individual projects and participating with 
others on plant-wide projeets—-method improvements, 
plant layout, cost analyses, work measurement, equipment 
evaluation, job evaluation, special management studies, 
ete. Permanent. Present salary range $666-S$052 


INDUSTRIAL ENGINEERS 
AND SYSTEMS ANALYSTS 


Openings in Research & Development redesigning 
basic operating procedures involving automatic data 
processing using large scale electronic computers, 
long range program, training courses, opportunities 
for graduate study in advanced Methods Research 
$6300 to $8400 starting range. Send resume to 
C. A. Strickland, Baltimore & Ohio R. R. Co., Balti- 
more, Md. 


Volume Vili, Number 3 


| | 
W18 

M19 

, M.% 4 

P63 

( P65 

pas 


READER COMMENTS 


THE APPARENT CONFUSION EXISTING IN THE 
RELATIONSHIPS BETWEEN THE FIELDS OF 
MANAGEMENT AND ENGINEERING 


Some of the articles appearing in your Journal as well 


as some appearing in other literature indicate consider 


able confusion in the character of the relationships be 


tween Management and Engineering. 

If we expect to have a real profession of engineering, it 
has to stand on its own feet in attractiveness as a profes 
sional career and in finaneial remuneration. The profession 
of engineering can never be built on the concept that the 
purpose of engineering is to provide management per 
sonnel. That is a separate and distinct field, also tending 
to develop towards professional status 

Professional Engineers should be primarily concerned 
with the advance of the profession, with their service to 
society through the organization with which they may be 
associated. Their concern should not be in the develop 
ment of management. The professional engineer should 
be essentially a consultant to management. This includes 
the industrial engineer if he is to be an engineer, 

I have seen no real evidence that engineering is the best 
preparation for management. The fact that a number of 
engineering graduates (B.S. level) in the past have taken 
up advanced education in management after completing 
a Bachelor's program or have gone into general manage 
ment, does not prove that engineering undergraduate edu 
cation is the best education for management. Also if some 
men follow such a pathway, they should not be considered 
aus engineers going into management. The Bachelor’s work 
is essentially preprofessional just as it is for other profes 
sions. Such men do not become professional engineers and 
therefore should not be classified as engineers entering the 
management field 

Some studies made by Fortune showed that the propor 
tion of professional engineers entering top management 
Was no greater than that, for instance, of lawyers entering 
top tnanagement 

Let us keep engineering as engineering and manage 
ment as management. This lack of distinction leads to the 
confused thinking about industrial engineering and = in 
dustrial management 

To be engineering, it must be concerned with economic 
scientific design based upon the application of mathe 
matics and appropriate sciences. Related to this is re 
search and development leading to design. These are also 
part of professional engineering practice. Design involves 
the design of devices, processes, and systems. The indus 
trial engineer needs to be concerned with design if he 


warrants the tithe of engineer. It appears to me that he is 
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primarily concerned with the design of productive proce 
esses and systems. Involved in this design are machines, 
materials, and men. The reference to men here does not 
include the management of men, except in so far as such 
management produces an effeet on the men engaged ch 
rectly ina productive process. It includes all human effeets, 
affecting the process, but this is all. A comparable situa 
tion is the use of mathematics in Electrical Engineering 
This use of mathematics does not make the Electrical 
Engineer a mathematician. 

Let engineering be a profession of engineering capable 
of standing on its own feet and let management be a pro 
fession of management separate and distinct trom engi 
neering. L. Sweigert, Dean, Graduate Division, Geurgra 
Institute of Technology. 


A CHRONOCY CLEGRAPIEEIN COLOR 


About 35 years ago, just prior to his death, Frank 
Gilbreth had been working on an instrument which would 
enable the Motion Study analyst to trace, on a photo 
graphic film, the motion paths of an operator's hands 
Hlowever, it remained more or less of a seentifie curio 
until Miss Anne G. Shaw, of Cheshire, Hngland, remtro 
duced the technique a few years ago, Recent textbooks on 
the subject of Motion Study make mention of Miss Shaw's 
work but apparently very little has been done with the 
technique in this country, 

About a year ago, we negotiated the loan of some equip 
ment for the purpose of photographing and analyzing some 
“eanned’ motion sequences which were set up mn the 
Industrial Hngineering Laboratory Northeastern Uni 
versity. The results were so intriguing that we decided to 
experiment with the device on some short eycle sewing 
operations at the Malden Knitting Mills in) Malden, 
Massachusetts. The use of a Polaroid Land Camera en 
abled us to adjust to ideal conditions as we progressed 
with the study. However, one of the shortcomings of this 
technique Was immediately apparent. During portions of 
certain eycles the light paths of the two hands became so 
intertwined that it was impossible to distinguish the path 
of one hand from that of the other, Also, the machine 
which we used would alter its pulse frequency whenever 
the light intensity was increased. 

We solved the problem of intertwining motion paths by 
using a White light for one hand and a red light for the 
other in conjunetion with color photography, Much credit 
is due to the Eleetronie Assembly Company of Boston 
This company helped us by designing a transistorized 
circuit Which would produce sufficiently bright lights at 
constant pulse frequency. Using this new instrument we 
can film up to a half minute eyele under almost normal 
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lactory lighting conditions without blurring in the opera 
tor’s hands. This is accomplished by making the light 
intensity high on the instrument and using a high f stop 
number on the camera 

There is no doubt but that chronoeyclegraph techniques, 
either in black and white or color, will prove invaluable as 
a relatively inexpensive refined motion study tool. Miss 
Shaw lists the following ways in which she has found the 
chronocyclegraph useful: (pp. 2-68 to 2-72, Industrial 
Engineering Handbook, MeCGraw-Mill Book Co., N. Y., 
1956) 

1. Recording an unrestricted movement. 


Analyzing a complex single-purpose movement 


4. The experimental stage of a new method. 


\ check on the training of new operators 

5. A teaching device 
George Palken, Professor of Industrial Engineering, 
Vortheastern Uniwersity and Maurice B. Kaufman, Works 


Vanager, Malden Knitting Mills 


THE RELATIONSHIP BETWEEN HEART RATE 
AND THE INTENSERY OF WORK FOR SELECTED 
TASKS, by Young, Journal of Industrial 
mg, November December, 1956 


Professor Young in his recent article (1) has raised a very 
old problem as to the place of physiological measurements, 
such as heart rate, in time and motion study. The present 
contribution to the discussion is written with recent ex- 
perience ol research at the College of Aeronautics, 
Cranfield, (2) with fatigue allowances very much in mind, 
becnuse a basic need in this research was to assess the 
strain on the worker, and heart rate gives some indication 
of this stram. Heart rate in the writer's opinion has face 
validity in such investigations, but can be misleading, and 
this will now be discussed 

In studying the worker and his job, various aspects of 
the total worker-job situation are studied, the aspects 
differing between the scientific disciplines within which 
the technician works. The physiologist is concerned with 
aspects of the worker himself which must necessarily be 
measured (or observed) outside the skin of the worker 
while he is working Ileart rate, skin temperature, respira 
tion rate and oxygen usage are common measurements ol 
this type, but they must be taken as indicators of internal 
processes Within the worker's skin. What is heart rate 
used to indicate in Professor Young's experiments, and ts 
this indieation reliable? The muscles, in contracting during 
work, form lactic acid which is then converted back to 
xlyecogen by oxygenated blood. The blood comes from the 
heart, acting as a pump, and the volume and pressure of 
blood resulting from heart muscle action is controlled by 
the autonomic nervous system. Heart action is increased 
by certain chemmeal levels in the blood resulting from 
musele action, but it is alse affeeted by heat and cold and 
emotion. Ina given case we must, therefore, maintain heat 
and emotional conditions constant but how can the latter 
he done? ‘To tell a subject to be normal or not worry is a 
psychological laboratory cliché. We found, using a Muller 
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pulse counter fitted with telemetry, that some subjects’ 
heart rates increased when the observer was present com 
pared with him being in another room. However, changes 
in blood flow from heart action involve changes both in 
rate and in stroke volume. Whereas, the former is meas- 
ured, the latter is not. Stroke volume varies with heart 
rate and is difficult to obtain under normally expected in- 
dustrial engineering laboratory conditions. What we are 
concerned to find in studying fatigue or effort, however, is 
the blood flow in the muscles themselves, and heart rate 
does not necessarily bear a direct relationship to it, 

In considering different workers doing what is supposed 
to be the same job, a further difficulty arises because the 
actual job done by the muscles within each worker is dif 
ferent for each worker. The reason for this is that the 
anatomical structure of each worker is different. Such 
effects were shown simply during experiments on ironing 
(3). Again the jobs done require skill (that of muscle co 
ordination), and this can only come from practice during 
which musele build-up oecurs. Professor Crowden showed 
very dramatically (4) that a trained man wheeling bricks 
required only one-third of the excess oxygen required when 
he was untrained. In a laboratory setting it is difficult to 
assess the muscular skills involved and so determine when 
a subject is fully trained 

With trained men there are individual differences in 
heart reaction to work, and absolute levels of heart rate 
are not infallible guides (by themselves) in individual cases 
to strain on the body. 

The points raised above must be considered on their 
merits by every experimenter who wishes to use heart 
rate; and in the writer’s case, the answer was thought to 
be that heart rate did not provide a useful measurement 
This does not mean that heart rate is useless but only in 
the context of the writer’s research into one problemi in 
industrial engineering. 

Measurements of physiological aspects of worker be 
havior such as heart rate and metabolic rate may be useful 
if industrial work involves considerable muscle action 
Modern industry does not usually have work which ts 
continuous throughout the day, is subject to time study and 
Which is physically arduous under normal temperature 
conditions or, if it is, which cannot be reduced to an easily 
tolerated level by motion study. The Cranfield study did 
not find any arduous and similar jobs on which a useful 
statistical sample of, say, six workers were engaged within 
one firm. American industry uses considerably more power 
per worker than does British industry and the writer 
doubts therefore the purpose of studying heavy muscular 
work except for military purposes, 

Considerable research into heart rate has been done by 
Professor . A. Muller at Dortmund (5). From his studies 
he found that the most efficient method of carrying out 
muscular tasks in order to restrict heart rate levels was to 
make the worker rest after each work cycle. If we recall 
that the great American, fF. W. Taylor (the centenary of 
whose birth occurred in 1956 and which seemed to be 


ignored in U.S.A.) obtained the same result with ‘Schmidt’ 
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over 75 years ago, then we must question the advance in 
the practical result although our methods may be more 
refined. 

This brings us to the important practical point that the 
work to be done must be a first concern. In Professor 
Young's experiment the portant aspect is the actual 
pumping of fluid which is easily timed the heart rate 
aspect does not seem important if one follows an experi 
mental approach (such as that used by Taylor) in a 
practical case 

In analyzing jobs using heart rate the multi causal sys 
tem commented on above can obviously be subjected to 
statistical analysis. In an industrial setting, however, one 
is concerned with individual cases, not statistical popula- 
tions, and trade unions could easily show that injustice 
would result to indiaiduals if use were made of statistical 
averages Of heart rate. Until industrial engineers receive 
considerable training in physiology, | suggest a danger 
exists In practitioners using heart rate in place of more 
conventional methods. It must be conceded, however, that 
the work of Muller and Brouha is suggestive that heart 
rate can be used to demonstrate principles, but it must be 


considered along with other indices. 
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AL THOR’S COMMENTS 


I was pleased to read Mr. Williams’ comment on my 
recent article, and T can heartily agree with many of his 
observations. Certainly individual differences do have a 
pronounced effect upon all physiological measurements, as 
do temperature, humidity, emotional reactions, and others. 
Likewise, physiological measurements are most valid under 
situations involving considerable muscular activity. As we 
look at current trends in industry, we might decide that 
physical work loads are no longer important. However, 
while recognizing that the concentration of effort may well 
be on the measurement of indirect labor operations, I con 
tinue to observe many physically-demanding tasks in local 
industries and feel that we still have need of a better 
method for evaluating the intensity of human work 

The two experiments reported on in my article indicated 
that the physical requirements of a task nad a far greater 
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effect upon heart rate than individual differences betwee 
the subjects studied. However, it must be clearly acknowl 
edged that the experiments were performed under labora 
tory conditions, using primarily student operators of the 
same general age group and physical condition, 

The speculation that heart rate might be used as a meas 
ure of operator pace, for jobs of varving difficulty, was 
made with cognizance of the need for individual relation 
ships. As Mr. Williams points out, the unions would cer 
tainly object to the use of statistical averages of heart rate 
Our current research! is therefore concerned with the de 
velopment of effort-heart rate regression curves for indi 
Viduals rather than for a group of subjeets. Without going 
into much detail, a group of 19 students have been indi 
Vidually run through a controlled im 
volving four metronome-timed paces on a control task, 
and three other different tasks at selected paces. The con 
trol task consisted of cranking a loaded dynamometer, and 
the other three tasks were chosen to involve similar types 
of muscular aetivity, 

A regression curve for heart rate upon pace was caleu 
lated and plotted for each subjeet’s data, Produet-moment 
correlation coefficients were also computed, ranging from 
0.008 to 0.98. The “r? values were greater than 0.00 for 7 
of the curves and between O.SO and 0.90 for 5 more of the 
curves. The data for the remaiming 7 subjects was not 
conclusive, with “r? values of less than O80. Likewise, the 
slopes of the curves differed substantially indicating the 
effects of physical condition, ete. upon the differentials 
between heart rates at inereasing paces on the control 
task. In one case, there was no significant heart rate dit 
ference for all four paces 

We are now in the process of projecting each subject's 
heart rates on the other three tasks to the heart rate-pace 
regression curve for that particular individual. Thus we are 
using the control task regression curve for a particular 
individual to predict the “effective” pace on each of the 
other three tasks from the measured heart rates, where the 
prediction carve has a high correlation between heart rate 
and pace and where the differentials between heart rates 
for the four paces are substantial. The “effeetive’ pace 
thus found from the regression curves should be the same, 
Within an acceptable tolerance, for all of the subjects. At 
this point, the results look quite promising. However, only 
“good” regression curves are useful as a basis for predic 
tion 

With the use of a heart rate telemetering device, longer 
periods of observation are possible. Continuous observa 
tion of heart rate during the work period may well provide 
additional information about the work load than is ob 
tained from terminal measurements. We hope to have such 
a device available for use within the near future 

My thanks to Mr. Williams for his pertinent remarks 
Young, Associate Professor of Industrial Engineering 


Purdue University. 


' Bachman, J. (M.S. Thesis in Process on Heartrate Pace 
Prediction), Purdue University 
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RECENT READABILES 


AL TOMATION 


Developing Small Seale Automation.” By White. Auto 
mation, January, 1057 
bor the small plant, as well as for the larger operation whose 
Hoanagement Wants to approach automation cautiously, the 
tuthor sugvests small scale automation as a modest approach 
that can be appled to existing machinery and processing tech 
niques and return the moderate capital investment ina short 
time. After giving several baste eriteria for deciding whether 
to automate at all and for determining how soon small seale 
iitomation will pay for itself, the author discusses procedures 


for automating on a limited seale 


Three Dangerous Fallacies About Automation,”’ The Manage 
ment Kevrew, published by the American Management Association 
Ine., 1057 

The large amount of nonsense written and spoken about 
has given credence to three major tiisconceptions 
vhieh could seriously impair the suceess of what is actually a 
techmenal and marketing evolution These three 


dungerous fallacies are: (1) Automation is too complex for 


taller COT Mp é tutomation will foree technological 


tent md automation technical, not a 
marketing evolution 

Many ym ople fail to understand the significance of automa 
tion beenuse they don't know why it has entered their lives 

Many labor leaders genuinely fear that automation will eut 
employment, and itis true that it ean displace workers tem 
ju 

The worker isn't the only one who must defeat the automa 
thon bogey Some tianagement men have their fears, too 

Management must learn more about automation. P. H 
Alspach, manager of General bleetrie’s Mquipment Develop 
‘Today 


the challenge of automation has shifted from the manufac 


ment Laboratory, Manufacturing Services, states 


turing aren into the management area.”’ He and a few others 
like him to have a new assigoment: selling middle 
Inanagement in their own companies on the need for auto 
mation and analyzing how various management job funetions 


will change uoder its impact 


Tatloring Automation to Plant Needs.’ By KB. Seidel. Auto 
mation, Oetober, 1956 
Many manufacturers reyeet automation because the 
cost of automated machinery is too high for their limited or 
hort run production requirements. But there are different 
levels of automation, the author points out, and small eom 
panies can aehieve important cost savings by utilizing the 
inexpensive, intermediate levels e.g., automatic gauging 
devices on conventional machine tools, Another help to the 
stall producer would be the development of highly standard 
ized, low eost automated machines for the limited manufac 


ture of speeimlized devices 


Computers as Design Tools.’ By JOC White, Vachine Design 
Page SS, January 24, 1057 

Increasing engineering output and engineering quality with 

out increasing the number of engineering personnel involved 


isa problem presently facing many engineering departments 
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One possible method for obtaining the required increased 
engineering output and quality is to use a computer to per 
form the bulk of routine engineering calculation. engineers 
are thus freed of these tasks and have more time for actual 


creative and productive effort 


“Where Computers Fit in Metalworking.” By J. J. Obrzut, [ron 


fue, Page 71, January 17, 1957 

Present uses of computers have barely seratched the surface 
of their potential. About five years ago, the computers in use 
were far and few between. Today, there are literally thou 
sands of installations, and the number keeps growing at a 
fantastic rate, So much so, that the big problem now ts in 
training and staffing new setups. One estimate places the 
number of analysts, programmers, coders and operators 
needed within the next 10 vears at 150,000 to 200,000 

The application of computers to specific problems is both 
easier to follow and of more immediate interest to metal 
working. Use of General Eleetrie’s numerical contouring 
system to general purpose milling machines is a case in point 

The system requires a numerical director or interpolator 
Its object is to provide a complete manufacturing process for 
intricately machined purts It’s continuous path machining 


automatically controlled from numerical data 


ENGINEERING ECONOMY 


“Pastest Way to Figure Whether to Buy That New Machine.’ 
By Dr. R. B. Orensteen, Factory Management and Maintenance 
Page 102, January, 1957 
One of the problems in considering equipment purchases 
and retirement is to decide how to work with dollar estimates 
in order to obtain a signal of profitability 
The author has developed an approach to determining prof 
itaubility which he states to be almost as easy and economical 
to apply as the simple payoll rule of thumb, vet which retains 
the accuracy of the more complex techniques such as the 
compound interest method and the MAPT technique 
The author's approach revolves around a table which lists 
quisition and replacement factors for many types of metal 
working and shop equipment. Each factor sums up, in one 
figure, many of the estimates and assumptions underlying the 


method 


GENERAL 


“Humanation.”” By J. Ruttenberg, Management Record, Page 
SSO, November, 1956 

Business forecasters are heavily stressing automation as 

the key to future economic expansion. But Harold Ruttenberg 

president of the Stardrill Keystone Company, believes that 

automation alone will not solve economic probleme He sug 

gests that productivity per man hour will not rise fast enough 

to take eare of our expanding needs unless it is accompanied 

by “humanation’’-which he defines as “the full release of 

human creativeness of the working and managing forces, vol 


untarily cooperating with each other through organized 


programs of joint participation in the productive process.”’ 
And in order to attain the goals of humanation, Mr. Rutten 
berg advocates a basic change in present labor management 


relations 
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“How to Control Plant Noise.”’ The Tron lye, Page dl, Febru 
ary 21, 1957 
Growing emphasis on automation is exposing more workers 
to noisy working conditions 
Medical experts agree that long exposure to noise ean and 
does cause hearing loss 
Two wavs the article suggests to tackle the problem 
1. Seout the plant for Wave to stop noise at its source 
2. Set up a svstem of worker hearing eXaminations 
Aetna Insurance Company found that a noise suppression 
program in its offices boosted general efficiency 9.2 pet, cut 
typing errors 20 pet, and machine operators’ errors 52 pet 
turnover was eut 47 pet 
Aetna estimated that its program brought net savings of 


per employee in the first: vear 


A Practical Application of Uneertainty Calculations to Measured 
Data.’ By L. W. Thrasher and 
ISWE, Page 373, February, 1957 


In order to answer questions as to the reliability of measure 


Binder, Transactions of the 


ments, it is desirable to classify two types of measurements 
a) the multiple sample, and (b) the single sample. The case 
for multiple sample measurement is well established, whereas 
the case for single sample has not been established. The 
tuthor proposes that the tester estimate his error un 
certainty interval and give odds that the error would be less 
than the uneertainty interval if the measurement were re 
peated a large number of times. A numerical example ts 


engineering the Creative Process.’ By Po Marvin, Machine 
Design, Page 05, January LO, 1957 
Individual progress is dependent toa very large degree upon 
ability to inject creativity into daily activities. Yet very little 
effort is applied to the development of creative ability an 
expenditure of effort that holds the promise of sizeable re 
turtis 
\ profitable starting point for any aetivity les in the 
development of creative ability. This can be accomplished 
1) by removing the barriers to creative thinking; (2) by 
establishing a background for creative thinking; and (3) by 
ipproaching problems in a manner designed to bring creative 
powers into play. All of this amounts to engineering the 


Creative process 


Productivity and Keonomie Progress.’ By J. W. Kendrick, 
Challenge, November, 1956 
The author analyzes the faetors both human and techno 
logical behind our high rate of productivity increase, which, 
he maintains, has been largely responsible for the remarkable 
rise inoour living standards. Some economists porting to 
Thomentous tec hnologieal in the making 
predict a strong acceleration in the rate of produetivity in 
case. It is more likely. the author belreves, that our produc 
tivity will continue to advance at its present high rate, pro 
viding « basic measure of the underlying health of our 


eC CODOTY 


Multiple Management Matures: A Case History 
Personnel Journal December, 1956 
Multiple management can be an effeetive method of stimu 
luting executive development, states the author, supporting 
his belief with a deseription of how a successful multiple 
management set-up was gradually established in his own 
compan Spurred by extensive participation in Mnanagement 
problems, the company’s junior executives take their own 
development in hand, helping each other to saequire mana 


gerial skills and attitudes 
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“A Survey of Human Engineering.”’ By Barrett, 
Design, Page 75, January 24, 1957 
For «a design engineer, the usefulness of human engineering 
depends upon two considerations. First, human engineering 
ix a new and rapidly growing field which suffers from a lack 
of information in some areas. Second, some of the fields of 
human engineering are readily applied by persons without 
psychological training, while others are not. A designer who 
Wishes to apply human engineering principles should take 
advantage of the studies that have been made in areas perti 
nent to his field. This article reviews the subject and outlines 
the present state of development of the field 


“The Anatomy of Business Leadership.” By Fo Maearow, The 
Management Review, Page 80, February, 1957 

In the past several years, this country has witnessed a great 
wave of interest in the training of management people, par 
ticularly middle management and top line executives 

executive action is peculiarly the same, whether the or 
ganization be church, state, business, social, or famliv, and 
whether the product be automobiles, wheat, visas, or public 
utility services 

Leadership is a skill that can be imparted and passed on 
Most individuals can acquire it, if they are willing to devote 
the necessary time and effort to do so 

The job of an executive is not a lazy man’s job. Tt requires 
constant application throughout his career, The leader ts 
important in his job, not because of his own production, but 
only as he leads people toward the accomplishment of ther 
objectives objectives that must be channeled toward an 
over all, planned result 

Whether we call this ability administration, leadership, ot 
Inanagement, itis one of our country’s searcest commodities 
and, at the same time, a commodity that will be needed in 
increasingly greater amounts to meet the demands of our 
changing times 


“Management by Participation.” By Keith Davis, The Manage 
ment Review, Page 69, February, 1057 
Participation is an overworked word in the business en 
vironment, but it is a much underworked activity. The idea 
sounds good to most business men, but they are frequently 
unsure What to do with it. Some grossly misinterpret what it 
is, and others are not sure when to apply itor how far to geo 
with it) One reason for all this confusion is that managers 
have not had much eS perience with the modern style of 
participation 
Participation is defined as mental and emotional involve 
ment of a person ina group situation which encourages him 
to contribute to group goals and share responsibility in them 
Participation offers many advantages. [It is valuable in 
many areas other than job performance, such as working con 
ditions, community relations, and employee benefits, conse 
quently its use may produce widespread benefits toa compan) 


hole 


‘hitting equations to Data.’ Machine Design, Page 
95, January 24, 1957 

Finding an exact analytical relationship for experimental 

or laboratory data in tabular or curve form can be a demand 

ing and time consuming task, [n most cases, particularly wher 

the equation for a given set of data takes the form of 


ipower’ expression, rapidity and accuracy of solution ma: 


depend on the experience, knowledge and mental processes 


of the analyst 
For such analyses, a powerful research tool is provided b 
inot very widely known branch of mathematics called the 


caleulus of finite differences, Based on simple numerics! 
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principles, this graphical mathematical process offers a rapid 
and accurate method of “equation-fitting.”’ Basie techniques 
of the method and their application are outlined in this article 


INVENTORY CONTROL 


Onee A Month Buying Will Squeeze Tool-and Supply Costs.” 
Factory Management and Maintenance, Page 109, February, 1957 
Volume manufacturers order product raw materials on a 
scheduled basis in order to realize the benefits from volume 
buying, reduced paper work, and fewer outages. Most of these 
companies, however, order general supplies and tools (cutting 
tools, maintenance and sanitation supplies, oils, greases, ete. ) 
is they are needed 

At one company, engineers discovered that SO percent of 
the dollars spent on general supplies could be predicted, budg 

eted and therefore scheduled 


The cost and analysis section of the plant makes up a 


tnaster requisition for each department. [t lists code number 
and deseription of each item needed by the department and 
the “budget quantity’’ the anticipated needs for the coming 
month 


Statistical Inventory Control.’ By W. F. Hoehing, Industrial 
Quality Control, Page 7, January, 1957 
Note: The inventory eontrol plan deseribed in this 
article is applieable to situations of uncertainty of demand 
When demand is known or fixed, for example through the 
development of monthly sehedules or plans whereby the pro 
curement, production, or distribution of the goods is set 
accordingly; or in the case where it is poliey to minimize and 
control stock outs through expediting effort, this plan does 
not apply per se. Such planning and expediting actions pre 
clude the free operation of chance occurrences and introduces 
bias into the data. In Westinghouse we carefully segregate 
our stores inventory neeounts into “planned” or “proba 
bility’ aecounts. The planned are the relatively few accounts 
having the high dollar volume of issues or sales. Require 
ments for these are developed and tied directly to specific 
sales and production forecasts or schedules, and thus repre 
sent known demand. The remaining low dollar volume items 
ue the relatively large number of probability accounts which 
we control through the use of the techniques outlined here 


MATERIALS HANDLING 


Selection of Tractors for Stockpiling Bulk.’ By J. Radomaky 
Vodern Materiales Handling, Page 09, February, 1957 
Costs of handling bulk storage may be greatly reduced 
through proper selection of carthmoving equipment. The key 
factors to consider in planning for a new plant or revamping 
in existing one are equipment capabilities whieh involve the 
consideration of quantities handled, frequeney and rate of 
flow, distances involved, grades encountered and operating 
costs. Evaluation of the various pieces of equipment being 
considered in light of the factors mentioned will insure opti 
mum handling cost 


How to Plan Handling for a New Produet.”’ By J. C. Downs 
Vodern Materiales Handling, Page SO, February, 1957 
For optimum manufacturing and distribution efficiency 
there must be a cleareut relationship between design and 
materials handling 
Material handling engineering is concerned with four main 
ireas of design 
1. Produet design 
2. Equipment design 
Facility design 
1. Control design 


These are all vital if a company is to achieve good material 
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handling performance and reap the benefits available from 
integrated material handling systems. In order to achieve 
these benefits, an adequate material handling engineering 
organization must be established, and must be given equal 
status with other manufacturing engineering ovtivities. With 
the organization must go people, and these people should be 
material handling engineers who are well informed in methods, 
mechanics, and costs, and are capable of selling and installing 
their ideas. These people must design the handling program 
in its four phases 


“What You Should Know About Hand Lift Trucks.’’ Modern 
Materials Handling, Page 113, February, 1957 

The hand lift truck was developed to move large quantities 
of materials more easily and more efficiently. Its efficiency lies 
in its versatility and general usefulness. That is why it should 
not be overlooked when planning an integrated materials 
handling system or revising a system already in operation. 

The hand lift truck can be used where there is only limited 
operating space. It can go where larger equipment cannot. It 
can be used, for example, in the unloading of rail cars where 
doorways or floors will not permit the passage of powered 
equipment. 

It can be used as a supplementary tool. The hand lift truck 
is a Valuable link in putting together an integrated handling 
system. More efficient short hauls from machine to main 
aisles, feeding of production lines and the more efficient use 
of heavier equipment are some of its advantages as a supple 
mentary tool. 


QUALITY CONTROL 


“The Nature of the Standard Control Chart, and Some of Its 
Competitors.”” By I. G. Olds, Industrial Quality Control, Page 4, 
October, 1956 
The control chart is a tool used to guide decisions regarding 
an industrial process. The fact that there are other methods 
of using numerieal data for this purpose is a sufficient reason 
why the control chart has competitors 
One way of comparing methods is to use several methods 
in attacking similar problems and then decide which one 
works best. Another way to make comparisons is to set up a 
mathematical model for an industrial process, adopt defini 
tions of control and lack of control, and then apply analytieal 
procedures based on the theoretical foundation. This is the 
way which is followed in the article 


“Pundamentals of Analysis of Variance.”’ By C. R. Hicks, Jndus 
trial Quality Control, Page 17, August, 1956 
Basically the analysis of variance technique is just what 
the name implies—partitioning the variance (i.e. the square 
of the standard deviation) of an experiment into parts in order 
to test whether or not certain factors introduced into the 
design of the experiment actually produce significantly dif 
ferent results in the variable tested. That is, for example, 
does the mold in which a casting was made affect the porosity 
of the casting? Does the seale used affeet the weight of a vial 
of medicine? In each case, interest is in testing whether the 
effect of the factor on the variable measured is significant 
when compared with the random variation in the process 
Hence the F test or variance ratio is used to make such com 
parisons 
This is the first in a series of three articles by Professor 
Hicks. Parts [1 and TLL appear in subsequent issues 


“Quality Control of Tubular Steel Products.”’ By W. T. Rogers 
Industrial Quality Control, Page 6, August, 1956 

While this article is primarily concerned with quality con 

trol and tubular products made from steel, it is pointed out 

that the subject matter is applicable to quality control in 
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baste industry generally and the material presented pertains 
equally as well to copper, brass, lead, glass, or an end product 
for customer consumption of any of the large industries which 
procure their own raw materials and perform all intermediate 
manutacturing steps 


There are two generally accepted concepts of statistical 


quality control, one of which is concerned only with aecept 


ance rejection sampling, and the other with control of the 
entire process which takes in almost the entire field of statis 
tical methods. This second concept is the one that must be 
embraced in the quality control program of any large industry 


“Sampling Inspection by Variables with No Caleulations.’’ By 

H. Chernoff and C.J. Lieberman, Industrial Quality Control, Page 

5, January, 1957 

Most industrial applications of acceptance sampling today 
ire by attributes, and will probably continue in this way 
Nevertheless, the increase in the use of modern statistical 
techniques in industry has resulted in the more widespread 
use of sampling inspection by variables. The disadvantages 
of sampling inspection by variables are well known. Perhaps 
the two most important of these are (1) the increased clerical 
costs of recording the data and making relatively (compared 
to attributes) diffieult computations, and (2) the operating 
characteristic curves depend heavily on the assumption that 
the form of the underlying frequeney distribution of the 
quality characteristic is normal. This assumption is often 
difficult to evaluate 
The purpose of this article is to present a graphical pro 

cedure for sampling inspection by variables which involves 
no computations and which also gives a check on the assump 
tion of normality 


Total Quality Control.’ By Feigenbaum, Harvard Business 
Renew, November December, 1056 
Manufacturers today are finding themselves faced with 
demands from customers for ever-higher quality, while the 
cost of quality is continuing to rise, As a solution, the author 
offers a concept he ealls “total quality control,’ based on 
the principle that the determination both of quality and of 
quality cost should take place throughout the entire industrial 
eyele from the design of the product to its sale. Outlining the 
organization and operation of a “total quality control” pro 
gram, the author emphasizes that a greater concentration on 
preventing quality failures will result in the substantial redue 
tion of appraisal and failure costs 


SYSTEMS 


“We Use Flow Charts.” H. Thomas, Wodern Office Pro 
cedures, December, 1056 

Faced with the problem of breaking in a new mechanized 

payroll system as smoothly as possible, one company applied 

the technique of flow charting to the revised procedures, with 

the result that employees learned them much faster. This 

irticle describes the new payroll operation and the current 

use of the flow charts to train new employees and guide super 


visors who temporarily substitute for absent clerks 


BOOKS 


Quality Control for Plastics Engineers. Vedited by L. M. Debing, 

Reinhold Book Division, 430 Park Avenue, New York 22, New 
York, 150 puges $4.05 

This book introduces the subjeet of statistical quality con 

trol to plastics engineers, the molders and fabricators of 

plasties products and the manufacturers of plastics materials 

It refers specifieally to examples of application currently 

used in the plasties industry. Assuming the reader has no 

previous knowledge of statistical quality control, the subjeet 
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is developed to enable those responsible for production of 
plastics products to use the basie statistical procedures in 
order to achieve the highest possible standards of perform 


A Primer to the Automatic Office, by William leustis, Automation 
Management, Ine., 
$7.50 


Westboro, Massachusetts, 1956, 05) pages 


This revised edition of an earlier publieation, The Auto 
matic Office, is designed as an introduction to the field. It 
emphasizes the intermediate steps between manual systems 
and fully automatic systems and describes how conventional 
machines may be combined with special purpose equipment 
to service all types and sizes of offices. Included are a number 
of diagrams as well as case histories of the use of integrated 
systems in various industries 


Company Investigations of Automatic Data Processing, by Peter B 
Laubach, Division of Research, Graduate School of Business Ad 
ministration, Harvard University, Boston, 1957, 258 pages, $3.00 
A report on the methods used by leading companies in 
determining their need for data processing equipment. Based 
on an investigation of some 40 management teams in various 
industries, the study describes how the teams were selected 
and organized, how equipment needs were evaluated, and on 
what terms new equipment was aequired 


Vaintenance Engineering Handbook, by LC. Morrow, Mditor, 1528 
pages, MeCGraw- Hill Book Company, New York, $20.00. (This book 
ean be ordered from the Journal of Industrial Engineering) 

More than 75 experts offer techniques, methods, and proce 
dures to keep production at maximum levels, to control pro 
duction costs and losses, and to prolong the productive life of 
plant and related equipment 

The information ranges from the organization and adminis 
tration of maintenance forces to practical details of maintain 
ing buildings and service equipment, sanitation and house 
keeping, and corrosion control 


CONFERENCE 
MARCHANT CALCULATORS, INC. 


Oakland &, California 


Completely automatic positioning of all decimals and all ear 
ringe dials is one of the many revolutionary new operating ad 
vantages offered by the new Marchant ‘“Deei Magic’, o single 
keyboard automatic eleetrie calculator 

At the touch of a single key, the “Deeci Maggie” automatically 
sets decimal points in the keyboard and all four dials and auto 
matically positions its carriage in readiness for any type of caleu 
lation. All entries to the keyboard are around the seleeted decimal 
point, All answers displayed in the carriage dials are automatically 
pointed off correctly at the conelusion of every caleulation 

All clearances of keyboard and dials during and upon comple 
tion of a problem are fully automatic, with selective nonclearance 
for the keyboard and each of the four dials by means of individual 
“touch locks 

The new Marchant “Deei Magie’’ has a separate front dial for 
visual check of individual or constant multipliers. Among many 
other advantageous features of this highly versatile new Mar 
chant are automatic single-entry squaring, automatic half cent 
round off, automatic accumulation of products and quotients, and 
grand total accumulation 

(This write-up was received too late to appear in the March April 
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INSTITUTE INTERESTS 


CALENDAK 


Commencing in the last issue, the Institute Interests section of 
the Journal listed activities throughout the country of interest to 
the membership. Listings are by dates, and give the name of the 
wtivity, the location, and a further souree of information for 
those interested. Considerable advance notice is necessary to 
have these activities lixted in sufficient time to reach the mem 
bership 

CALENDAR listings for June and later months appear in this 
and the listings will be retained until copy on any particular 
event is outdated. Mail all listings to N Kogers Staff ngineer 
Systemes and Procedures, Waterman Steamship Company, 61 St 
Joseph Street, Mobile, Alabama. Items sent to the Journal offices 
in Atlanta ean only be ineluded if reeeived in time to be forwarded 
to vour Institute Interests Editor, Deadline for all listings is the 
lth of every odd month in the year, Regularly scheduled chapter 
meetings will not be listed in the CALENDAR, as meeting places 
ad dates are generally earrted elsewhere in the Journal on an 


5 1) Motion and Time Study Intensive Course, Department 
of Tndustrial University College of Washington 
University, St. Louis, Missourt, Write Washington University 
James 

Annual Cornell University Ladustrial bngineering Semi 
Cornell University Ithaca, New York. Write Andrew 
Sehultz, Je, Department of Industrial and bengineering Adminis 
tration, Cornell Universit Ithaea, New York 

12 14) Seminar on Techniques of Operations Research, Depart 
ment of Todustrial Institute of Teehnology 
Chicago 16, Write Paul Randolph, Assistant Professor 
Department of Tndustrial bngineerng 


July 


12 YO Southern Regional Graduate Summer Session im Sta 
Virginia Volytechnie Institute, Blacksburg, Virginia 
Write Boyd Harehbarger, Head, Department of Statisties 


CHAPTER 


A) Fowler, Viee President Research, S000. talked on 
Juluneced Diet for the Teehnieal Man’ at a reeent meeting of the 
Albuquerque area chapter of the Amertean Institute of Industrial 
loogineers. Presented here, in summary form, are his comments 

Phe first mayor element ts salary. The market value of the 
prote ronal techoteal man's services has been steadily 
in recent vears due to the tnerenssed demands of technology and 
the limited supply of professional engineers and serentists 

However, the employer must be careful under the pressure of 
the present circumstances not to be misled into the belief that 
this ts the main element in the balanced diet 

Opportunity for professional growth is the second important 
element in the diet of the professional teehnieal man. A job whieh 
provides the opportunity for or better still, demands profes 
sonal growth provide form of compensation not directly 
measurable in dollars but worth many dollars in the future career 
of the 

Fortunately, in the past few years, governmental agencies 
have seta trend to encourage contractors to publish the results of 
efforts wherever possthle also is the fact 


that an todividual ean gain certain amount of recognition in his 


196 THE JOURNAL OF INDUSTRIAL ENGINEERING 


profession within the classified framework of the nation’s tech 
nical activity 

“Good communications between the policy-making levels of 
the company and all of its professional employees is a form of local 
recognition to the professional man. If the company gives the 
professional employee the freedom to determine his own goals 
and the freedom to take his own approaches to the solution to the 
problems within the bands of his assignment, it is recognizing the 
nature of the professional employee.’ 


CHICAGO CHAPTER 


The regular February meeting was held on February 12th at the 
Western Society of engineers, 84k. Randolph Street. After dinner 
Vie Short spoke on “Human Engineering’, a phrase whieh he 
“comed” 

On March Sth, we sponsored an All Day Work Measurement 
and Cost Control Clinie at the Hotel Congress. Phil Carroll, noted 
author and lecturer on Time Study, Standard Data, and Cost 
Control, conducted this clinie. Mr. Carroll has written several 
books and many articles in the management field. Beeause of the 
great interest in his books, the Chicago chapter arranged to have 
them displayed 

On April 9, Dr. Wallace Riehards from Lehigh University gave a 
most informative talk on Work Sampling. Dr. Richards has done a 
great deal of work in this field, and his experience made him well 
qualified to conduct this program 

The May meeting was our annual business meeting, which wa- 
limited to members only 


CINCINNATE CHAPTER 


The February meeting of the Cincinnati Chapter was some 
what different than the preeeding meetings 

Dr. Robert A. Kehoe, Director of Industrial Health at the 
University of Cincinnati, gave a very interesting lecture 

He spoke on the industrial engineer's relation to medicine 
This opens an entirely new and undeveloped field. The [.b. could 
be of great service to the medieal profession by gathering and 
plotting data to be used as statistics 

On March 6, 1957, the Cincinnati Chapter completed its Srd 
imnual conference at the Hotel Netherland Hilton. The subject 
“How To Measure a Fair Days Work”, was without question one 
of the best 

Approximately SS people attended the conference and the 
results were most gratifying. b.vervone seemed well pleased and 
will be waiting for the conference of 195s 

On Mareh 27, 1957, the regular monthly meeting started with 
election of officers. The nominees were without opposition so our 
officers for 1957 are as follows 

President Harry Placke 
Vice President Lawrence Jackson 

Robert Topis 
Allen Harding 
April 17, 1957, the Cinetmnati Chapter planned it plant four 


‘Treasurer 
Secretary 


to General Eleetric Company. Due to the enormous size of this 
plant the tour was limited to the engine overhaul department 
onk Since several of our members are employees this was a 


very interesting trip 


CLEVELAND CHAPTER 


The January meeting of the Cleveland chapter was held Jan 
ird in the Rose Room of Hotel Cleveland. Warren Alberts spoke 
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on the highly academic and modern subjeet, “Industrial Engineer 
ing and Operations Research.’ Alberts, an industrial engineer tor 
( nited Airlines in Chic uge has done extensive work for his own 
company as well as federal and military agencies 

To introduce his subject Alberts gave a brief organizational 
history of United Air Lines and its industrial engineering make up 
The company employs about 20,000 people. There, the industrial 
engineering department serves as an‘ 


internal consulting service’ 
for the entire organization. To perform this serviee, it is or 
ganized into four divisions 

Division of work analy sis 

Division of organization planning 

Division of operations research and applied science 

applied mathematics croup 

quality control & statistics 

1. Division of regulations & forms 

These divisions are used solely as ‘services’ to the entire com 
pany. Aecordingly, about 10,000 of their emplovees are on “stand 
ards” and they are thus able to measure and regulate peak pertods 


down to the date, day hour and portion thereof 
With Operations Research well established at United Airlines 
Mr. Alberts said that it now covers many areas of their organi 


zation, including 200 aircraft and 13,000 operating miles. [t has 
provided great depth of understanding for all that have been 
involved in its use or activity 

Questions pertaining to quality curves, norms, ete., followed 
this most interesting and informative leeture 

The January chapter meeting was highlighted by two award 
presentations on the floor. The ATT Fellow award was presented 
to Flovd Tither, former president of the Cleveland chapter. Ln 
1051, he was cited a “Fellow” at the National Convention for his 

ork at the Republic Steel Corp. on wage inequities covering 
more than 12.000 jobs. Mr. Tither is a registered P. ke. trained at 
lowa State College and was president of the Cleveland chapter in 
M52 & 

The second award, « $25.00 savings bond, was presented to Bill 
Crouse, a Sentor at Shaker Heights High School. Bill was the 
winner of the essay contest judged!» Marty Miller and kd Crow 
The title of his essay Wiis Industrial | ngineering us u Career 
Russell Rupp, prineipal of Shaker High, and Mr. Crouse were 
guests of the chapter at a pre meeting dinner at the Bronze Room 
Both award winners acknowledged their prizes graciously and 
were applauded by the group 

The February meeting of the Cleveland chapter was held Feb 
ith in the Empire Room of Hotel Cleveland. Roger Clouse dis 
cussed the timely topic Husband & Wife an Executive Team.” 
Clouse is Viee President and Secretary of the Federal Reserve 
Bank, and is active in many local and national banking and wel 
fare organizations 

The speaker said that only in the past 5 vears has little been 
done toward examining the husband & wife as an executive team 
ind how important the wife is as a partner to the husband, In 
fact, he proposed that the success of a husband is in direct propor 
tion to the success of the wife as a partner 

The Third Plant Tour took place on Thursday, February 21, at 
7:00 pam at the Heavy Press Bldg. of the Aluminum Co. of Amer 
ion, 2201 Harvard Ave. in Cleveland, This tour covered forging 
presses, cutting raw stock, final inspections, and plant facilities 
necessary to house & maintain this heavy equipment 

On March 28 and 20, the Cleveland « hapter sponsored its sixth 
Annual Spring Conference at the Hotel Cleveland. The theme of 
the conference was “Industrial Engineering Today And 
Tomorrow.’ The program was packed with informative timely 
subjects, panel discussions and interesting exhibits. The program 
included the following sesston- 

New Approaches to Cost Reduction Robert © Ferguson 

VP. Methods Engineering Couneil 


Brainstorming in Industr 
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‘Statistical Quality Control’, Dro J. N. Berrettoni, Lamson & 
Sessions Co 

“Machinery Replacement” 

“Work Sampling” 

“Scheduled Maintenance’, Ro Harvey, Plant Engineer, Thomp 
son Products, Ine 

“Indirect Labor Standard Data’, Mr. Palmer, Whirlpool Corp 

“Flexible Budgets’, Robert Heller, Representative 

“MOT OM. in Warehousing’, J. Petro, Thompson Products, Ine 
‘Planning & Installing Data Processing Programs’, Paul T 
Shirar, baton Mfg. Co 

“Memo Motion in Plant Equipment & Tool Analysis’, Glen 
DD. Wolfe, A. Smith Corp 

“Financial Planning & Control’, Representative 

“Mathematics in Management” 

‘Operations Research” 

‘Using & Teaching New Techniques” 

“Linear Programming” 


DAYTON CHAPTER 


In keeping with our poliey of presenting programs of current 
and vital concern to the industrial engineer, the February session 
concerned communications, presented by Dro Thomas Dud 
geon, Nationwide Insurance, Columbus, Ohio 

Communications in an organization, or the flow of information, 
In rapidly becoming recognized as having a significant effeet on 
operational efficiency communicating ideas and facts, between 
individuals, upward and downward in the organization are ex 
amples of the scope that this field of inquiry involves. Dr. Dud 
geon, a consultant in this field, presented a baste concept of 
communications, including how we do, and how we don't, com 
municate, and the barriers to communication, He touched on the 
development of information theory as one approach to this field 

The Mareh meeting dealt with a topie of direet concern to the 
industrial engineer, “The New Look in Materials Handling’, pre 
sented by Mr. bk. Ralph Sims, Industrial Engineer for Alden by 
Stilson & Assoc., Consulting Mngineers, Columbus, Ohio 

The purpose of this session was toinform the industrial engineer 
of the basie shift in attitude toward a systems approach to ma 
terials handling and effeet this shift is having on the factors in 
volved in materials handling problems. For example, this systens 
approach ino many industries is broadening the scope of the ma 
terials handling problem beyond in plant improvement to ieluide 
the marketing and distribution function as well as product design 
considerations. This trend, caused by economic pressures and the 
high potential savings, also has its Impaet on the materials han 
dling problem in production planning, equipment and means for 
measuring and analy zing 


LOUISVILLE CHAPTER 


For our December meeting, members and guests of the Ameri 
ean Society for Quality Control and met jointly at the 
American Standard plant. After a delicious roast beef dinner in 
the cafeteria, we were taken through the plant to view the brass 
foundry and enameling operations 

Later in the evening all hands gathered in the auditorium to 
hear a talk presented by Mr. bdward M. Sehrock, Quality Control 
engineer with American Standard. His subjeet was “How to 
Organize an bffeetive Quality Control Program.” 

At the January meeting, Dro Gerald Nadler, Head, Dept. of 
Industrial Engineering, Washington University, St. Loum, Mo 
spoke on “New Horizons in Time Study."’ 

Dr. Nadler identified some new developments or new horizon 
in work measurement, which were emphasized as being an im 
portant and permanent area of time study 

1. Use of Statietica in estimating and controlling delays 

2 New concept of Regarding Human Beings ax People thetend 
of machines 
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in relation to atitomaty ph sologieal, and heart 
irement 

eo Klectronica in time stud Dr. Nadler concentrated 

future of Lleetronies and the benefits to be derived from 


ue 


MIDDLE-TENNESSER CHAPTER 


Members of the Middle Tennessee chapter, ATL, took part in 
American Toetitute of Industrial Engineers and Society for the 
Advancement of Management programe at Nashville and Knox 
ville the second week in Februar 

hive members of the chapter attended a dinner meeting of the 
Nashville chapter, Society for the Advancement of Management 
at the Hermitage Hotel. Speaker for the session was Phil Carroll 
Maplewood, No J, professional engineer and viee president of the 
Northeastern Region, AIDk. His topic was “How to Sell Your 
i 

Five chapter members also attended the fourth annual con 
ference of the Southeastern Region, ALTh, at the University of 
‘Tennessee Student Center, Knoxville. The conference, sponsored 
by the last Tennessee chapter, ALLL, and the U-T student chapter 
featured talks on “Industrial kngineering Control Tools.” 


PHILADELPHIA CHAPTER 


Harold W Kuhn Associate Professor of Mathematics 
Bron Mawr College, was the speaker at the January meeting. The 
subject of his talk wae Illustrations of Linear Programming.”’ 
Dr Wuhn was a guest speaker on Linear Programming at the 7th 
Annual ALTA. Conference whieh was held in Washington, D.C 
He is the author of a new computational method for assignment 
and transportation problems and a co author of the fundamental 
duality theorem of linear programming 

Dr Kuhn used simple algebra and the above theorem in pre 
senting the solution of a hypothetieal transportation problem 
The unknowns in the problem were reduced to two variables for 
graphic presentation. This permitted ready determination of the 
solutions at the corner points. In theory any linear program could 
be solved by ealeulating the values of the funetions at the corner 
pot However, in a real problem this would not be practieal 
because of the number of variables involved. Nevertheless the 
omputational routines for solving linear program 
ming problems are based on computing a sequence of corner points 
sous to improve the value of the linear funetion at each step 

Phe speaker at the February meeting was Mr. Joseph J. Toy zer 
Manager, Manufacturing Engineering Administration, ROA Vie 
tor Television Division, Radio Corporation of Mr 

ro spoke on Automation and the Dndustrial Tn 

talk Miro Tovzer stated that automation has been with us in 
one form or another since the begining of mankind. However, the 
baste difference is that automation is berg used today to repl we 
some of the decision making funetions as well as to inerense pro 
duetivit! Automation is not anendinitsell [tis a tool whieh the 
boogineer may Use to inerease the production of goods 

Tov zer stated that labor's fear of automation is groundless 
Historieally it has been shown that teehnologieal advancement 
does not displace workers and create unemployment. In faet, more 
iutomation will be required if industry is to meet the expected 
labor shortage in the next 20 vears. Among the benefits from auto 
mation will be greater productivity), more purchasing power 
higher standard of living, and more letsure time 

Phe Philadelphia hapler pron ored a sertes of four seminars 
on Linear Programming and work sampling. Meetings were held 
from 7 to om Apr 2d May 1.0, and 22 at the Athuntie He 
fining Company, 260 South Broad Street, Philadelphia. The ses 
ions were designed to eover both the fundamentals and case 


ippheations in these areas and were open to members of the 
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4.1.1.4. and other related technical societies. A $2.50 registration 


fee was charged to underwrite the publicity costs 


TULSA CHAPTER 


At its February meeting, the Tulsa Chapter had a panel dis 
cussion, “Organizing for kleetronic Data Processing” following 
dinner at the University of Tulsa Student Activities Building. It 
promoted some lively discussion, led by four men from Douglas 
Aireraft Company. This panel explained how Douglas planned 
ind installed their svstem. They then answered questions 
from the group and gave suggestions on organizing such a pro 
gram. The four panel members were 

Mr. H. W. Cleveland, Manufacturing Control Manager 

and LDP Projeet 

Mr. ©. H. Hart, Manager, Factory Tab and EDP 

Mr. W. P. Ingle, Administrative System Analvest 

Mr. RK. N MeWirahan Manufacturing Control Repre 

sentative 

The March meeting program was, “The Union’s View of Right 
to Work Laws.’’ The speaker, Mr. bk. R. Burns, is president of the 
Oklahoma State CLO. He has a long and illustrious background 
in labor union leadership having held many int botis 
He is also currently a Commissioner of the Oklahoma Unemploy 
ment Commission. Mr. Burns put his views in cogent terms and 
i very interesting manner. They evoked « great deal of spirited 
discussion from the engineers present who are all on the other 
side of the fenee from Mr. Burns. In all, this was one of our most 
interesting meetings and also one of our best attended 


WASHINGTON, D.C. CHAPTER 


The Washington, D.C. Chapter meets on the second Tuesda 
of each month beginning with September through May at the 
Perpetual Building Association Building Auditorium, (lith. & I 
Streets, at 8:00 PM 

The Chapter’s 1956-57 program began with an excellent presen 
tation by Chapter Member, Stephen Arthur Derry, (President, 
The Derry Engineers, Louisville, Kentueky). Mr. Derry’s topic 
was “The Industrial engineer Looks at Automation’’. His presen 
tation invoked some fruitful thoughts on the Industrial lengineer’s 
role in tomorrow's industry. He pointed out how the philosophy 
of today’s coneept of “Standards’’ will be tomorrow's industrial 
engineers dream. Whereas, the “‘Leveling’’ factors today’s 
method of setting production standards will no longer exist in 
setting standards for an automated plant. He stressed the new 
look on “Quality Control” techniques, He touched upon the need 
for edueational institutions to realign the industrial engineering 
curriculum to meet the needs for industrial engineers’ role in 
iutomated plants. He pointed out the Industrial engineer must 
have more training in Mathematies, Physteal Seiences and above 
ill trained “How to Think «a Problem Through” 

Mr. Dave Savage, Senior engineer in charge of Univae Pro 


grams, Remington Rand Corporation was the speaker for the 


October meeting Mr Savage presented a paper on Industry and 
Government Uses of Computers. He touched upon how computers 
were used by industrial engineers in solving problems in Produc 
tion Control, Inventory Control and setting of standards. He out 
lined computers role in solving problems in the aireraft industry 

Chapter Member, Lt. Leo M. Kornfeld, USN, was the speaker 
for the November meeting. Lt. Kornfeld covered in detail how the 
Navy set standards on typing and clerical work. He compared the 
method with the techniques used by M-T.M., Time Study, Yale 
& Towne, Ratio Delay. He outlined how standards were being 
ipplied to warehouse operations and publie works maintenance 
ire is 

The December Meeting was devoted to the Chapter’s Annual 
Semi Annual Business and social meeting The President and 
Chapter Secretary cleared all accumulated matters originating 


from National Headquarters, and at Chapter Level. Among the 
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committees appointed was the Program Committee. This com- 
mittee headed by Stephen Arthur Derry and assisted by Noram 
Kobert as Vice-Chairman and William Powell, Crans Cohen. and 
Kdward Pierce as committee members, was assigned the task of 
preparing the 1957 chapter program from January, 1957 through 
December, 1957. 

Chapter Member, Nelson P. Greller, (President, Nelson P. 
Greller & Associates, Washington, D.C.) presented a paper on 
“High Speed Remote Controlled Package Sorting Methods’’. 
Mr. Greller with the use of charts, sketches, movie and demon- 
Strations, plus a staff of assistants, presented an interesting de- 
tailed description of the electronic sorting machine and how it 
operated Mr. Greller and his staff h id created the machine, 
designed it, developed it, and installed it in the Baltimore Post 
Office 

The electronic Sorter commonly referred to by post office em 
ployees as the “Greller System” is capable of sorting and diverting 
parcel post packages of any legal size and shape at the rate of 
12,000 an hour. The memory device can take information on as 
many as 60 packages to be distributed to some 70 stations or more. 
The device measures its own package length. All the operator 
must do is to punch a key, which designates where the package 
is to be dropped off the belt. The packages pitss by the viewer's 
eye on the belt and from there on the system is 100% automatic. 
The package is delivered, automatically, to the station which the 
punched key designated 


Mr. J. J. Saunders, Martin Company, was the guest speaker 


for the February Meeting. Mr. Saunders topie was, Aireraft 
Materials from Research to the Flying Vehicles’. The many 
problems involved in producing an airbound vehicle were covered, 
He pointed out the industrial engineer's part in coordinating the 
Various operations from research, test, design, and construction. 
He also covered the industrial engineer's role on matters pertain- 
ing to money, manpower and materials planning for guided 
missiles 
The subject matter for the March meeting was a panel dis 
cussion on, “Why It Is Important for Ingineers to Qualify as 
tegistered Professional Engineers’. 
The panel was moderated by: 
Mr. Osear H. Beasley, PE, Former Chairman, Washington, 
D. ©. Board of Registration for Professional Engineers, 
Currently President, Washington, D.C. Chapter, National 
Society of Professional engineers, & President, Washington 
Socmety for Professional bngineers 
Panel Members and their topics, listed in order of appearance 
were 
1 Paul H. Robbins, Executive Director, National Society of 
Professional Engineers, Washington, D. C. Topie: ‘The 
Importance of The Professional Engineer to Industry and 
all Levels of Government” 
2 John J. Rockefeller, Deputy for Maintenanee, Office of the 
Special Assistant to the Secretary on Installations, U.S 
Air Foree, Washington, D.C. His topie was: “What Govern 
ment Offers To The Registered Engineer’ 
4M. N. Wilberding, President, Wilberding Engineering Com 
pany, Currently Chairman, Board of Registration for Pro 
fessional Engineers, Washington, D. C., Past President, 
Washington Society of Professional Engineers. His topic 
“How Applications for Registration are Processed” 
Stephen Arthur Derry tegistered Professional Industrial 
engineer, Active in National ALTE affairs and Member of 
D. Chapter, President, The Derry Engineers, 
Louisville, Kentucky. His topic: “What Registration 
Means to the Industrial Engineer’. 


WINSTON-SALEM CHAPTER 


Oneof the most successful meetings of our organization’s history 
was held on November 27, 1956, when 174 members and guests 


May -June, 1957 


representing 16 varied industries attended a dinner meeting to 
hear Miss Bonnie B. Small, Department Chief of Statistical 
Process Quality Control, Western Eleetrie Company, Allentown, 
Pennsylvania Plant. She spoke on “Quality Control for the 
Engineer’? which created considerable interest as indicated by the 
questions asked the speaker concerning specific applications of 
quality control processes presented, 

Our most successful Motion and Time Study Conference was 
held January 17 and IS at the Hotel Robert Ie. Lee, Winston-Salem, 
Approximately 250 Industrial and Management Engineers repre 
senting 39 companies and 3 colleges attended, The annual con 
ference is under the joint sponsorship of the Winston-Salem 
Chapter of AILE and the Greensboro Chapter of the Society for 
Advancement of Management. It is open to members, student 
members and non-members interested in exchanging views on the 
latest developments and applications in the field of industrial and 
management engineering. 

The conference opened January 17 with an informal evening 
fellowship meeting to give the conferees an opportunity to become 
acquainted, The all-day program of lectures and discussions was 
held January 18 with five distinguished industrial and professional 
leaders as principal speakers, Mr. C. W. Reynolds, Assistant Works 
Manager, Western Electric Company, Winston-Salem, opened the 
program extending a welcome to the conferees. William J. Brock, 
Jr., President of the Winston Salem Chapter of ALTE, presided 
over the morning session and C. Aubrey Tingen, President of the 
Greensboro Chapter of 8. A. M. presided over the afternoon 
meeting. 

The morning speakers were Robert 8. Rice, Industrial Produc 
tion editor, “Factory Management and Maintenance’ magazine, 
published by MeGraw-Hill Publishing Company, New York, past 
president of the Pittsburgh Chapter of AIL and past vice 
president, Northeastern Region of AIL, who spoke on “Methods 
engineering and Automation’? and Dr. Robert N. Lehrer, Pro 
fessor of Industrial Engineering, Georgia Institute of Technology, 
Atlanta, Georgia, and Editor-in-Chief of “The Journal of Indus 
trial Engineering’ who spoke on ‘Work Sampling.”’ The after 
noon speakers were Mr. Ralph H. Landes, Assistant Superintend 
ent, Engineering Standards, Hawthorne Works, Western Electric 
Company, Chieago, co-author of “Occupational Rating’ and 
originator of “National Time and Motion Study Clinic’ who spoke 
on “Products and By-Produets of Time and Motion Study’? and 
Mr. Bruno A. Moski, Director of Industrial Engineering at Yale 
Materials Handling Division of the Yale Towne Manufacturing 
Company, Philadelphia, Vice-President of the Middle Atlantic 
Region and President of the Philadelphia Chapter of 8. A, M,, 
who spoke on ‘Auditing and Maintaining a Wage Incentive 
Installation.”’” Mr. R. W. Grupenhof, National Director of the 
Greensboro Chapter of 8. A. M., presided over the evening session, 
The evening speaker was Mr. Matthew A. Payne, General Man 
ager, Lubrizol of Canada, Ltd., Niagara, Ontario, past president 
of ATT and now Director of the Institute’s chapter organization 
and extension and a member of the Long Range Planning Com 
mittee and the committee on organization, who spoke on “The 
Industrial Engineer in Small Plant Operations.” 

We had the pleasure of having Mr. Howard P. Emerson, Presi 
dent of AIL, Professor and Head of the Industrial Engineering 
Department, University of Tennessee, Knoxville, to speak at our 
February meeting. He spoke on “New Developments in Industrial 
Engineering.”’ He also presented the organizational structure and 
functions of the various committees of the national level of AIDE 
On March | a delegation of our members attended the present 
tion of the charter and installation of officers of the newly formed 
Eastern North Carolina Chapter of AIT in Raleigh. 

Our chapter is continuing to strive for a more diversified pro 
gram of speakers and activities to increase our membership from 
approximately 70 members and gain a greater representation of 
the many industries located in this area. 
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industrial Engineering is concerned with the design, improvement, 
and installation of integrated systems of men, materials and equipment; 
drawing upon specialised knowledge and skill in the mathematiesl, 
physical, and social sciences together with the principles and methods 

of engineering analysis and design, to specify, predict, 


and evaluate the results to be obtained from such systems. 
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